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Petrol Ite Lamps. 

Petrolite is a new system of burning carburetted air under 
incandescent mantles and which is being introduced to railway 
companies for station lighting and other purposes by 
Petrolite, Ltd., 106, York Road, Lambeth, S.E. 

A Petrolite lamp giving 50 c.p. costs, we are told, only one 
fourth that of a lamp burning ordinary para£an, and is equal 
to gas at 25. per 1,000 cubic feet. The heat of the 
incandescent mantle draws a current of air through a porous 
block saturated with petrol. For domestic purposes Petrolite 
lamps appear to be quite safe, as should the lamp be over- 
turned, violently or otherwise, the light goes out. 



The drawings we publish show the ooastmctioii of 
Petrolite lamps, which are an improved form of Prof* Notkia's 
lamp. Fig. i is a vertical section. The absorbent block C is 
composed of diatomic earth and plaster of Paris. It 18 
annular in horizontal section, and is perforated with a number 
of small vertical holes, c, c. It fits loosely into a brass case or 
container B, which in turn drops into any ornamental staod 
or is suspended from the bottom of a lantern. 

In the centre of the container are two brass tubes, one within 
the other, the outer one % being fixed, and which are shown in 
detail by figs. 2 and 3. At the top of the inner tube ^ is a 
gauze burner over which is suspended an ordinary incan* 







II 
I 

id 

I 

-• nlr— 

h i! h 

r'h 
Mi 



LA.] \^ 
I • 

i I 



Fig.Z. 





fig, 6. 



JOi 



5X 



I J 



Fig.S. 



f'5-* 




Ro'ilrray Engineer 




Digitized by 



Google 



January, 1905. 



The Railway Engineer. 



Continuous Brakes for Goods Trains. 

Thk necessity for providing our modern goods trains with 
continttous brakes was again demonstrated at Todmorden, 
L. and Y. R., on the 5th ultimo, when a goods train was 
smashed up, and the line blocked for nearly 24 hours, and the 
traffic of course disorganised, but fortunately no lives were lost. 
This type of accident is now becoming rather frequent, 
and will, we fear, become more so in the near future. The 
train consisted of 70 wagons, drawn by two engines, it parted 
at about the loth wagon, owing it is said to the failure of the 
coupling. The drivers discovered their train was divided, 
and kept ahead until their portion was stopped by signal. 
The rear portion on the falling gradient had got out of the 
guard's control and ran into the first part. A continuous 
brake would have prevented this accident. Another important 
point is, that the present wagon couplings, and particularly 
those of old private wagons, were not designed for the " double ' 
trains now being worked, and they are constantly being 
strained, and very frequently give way. Hence this class of 
accident is as we said above, likely to be more frequent, until 
all the old couplings have been renewed. 

* 
York Railway Locomotive Works. 

In continuance of the North Eastern R. Co.'s policy of 
concentrating their locomotive repairing work at Darlington, 
the locomotive shops at York are, says the Yorkshire Post^ in 
course of being closed. It was intimated recently in these 
columns that only one of the two erecting shops at York 
would for the future be used, and the company are now 
transferring the whole of the locomotive repairing department 
at York to Darlington. Much of the plant and machinery is 
also being transferred to the North Road works at Darlington. 
A proportion of the operatives now employed at the York 
locomotive works will be transferred to Darlington, but it is 
not probable that all the men will be so removed. 

What is to be the future of the extensive shops and forges 
at York when the work is finally transferred to Darlington is 
not at present settled. Incidentally the change will give a 
little more accommodation in the old station yard, which is 
greatly needed, as it will liberate for the traffic department 
two or three sidings now utilised for shunting in the locomo- 
tive shops yard. The removal of the work to the larger shops 
at Darlington will, of course, secure a certain economy by 
reducing the cost of management and other expenses. 

Walschaert Valve Gear. 

When noting the fact that one of the «* Atlantic " express 
engines on the Great Northern R. has lately been fitted with 
the Walschaert valve gear, the Iron and Coal Trades Gazette 
remarks that the work is "unique," and that the gear "has 
not hitherto been adopted on any British-built railway engine." 
It would be difficult to say how many locomotives built in 
this country have been fitted with this gear, but our con- 
temporary is apparently unaware that for several years there 
has been a good many engines on the Northern Counties R. 
in Ireland fitted with this gear, to say nothing of the steam 
motor carriages on the Great Western R., and other railways 
which have copied that design. 

* 
New Derbyshire Railway Scheme. 
A Bill has been deposited in the Private Bills Office of the 



House of Commons for a new cross country railway through 
Derbyshire. The scheme is intended to provide a new 
connection with five of the great railways of the country start- 
ing at Hurdlow, eight miles out of Buxton, on the L. and 
North- Western R. The proposed line would run for 26 miles 
in a southerly course, taking in Matlock, Clay Cross, and 
Bolsover. This would give Matlock a competitive railway to 
the Midland, and the L. and North- Western R. its first 
entrance into the Derbyshire coal fields. At Heath and 
Bolsover the new route is intended to connect with the Great 
Central, Great Northern, Lancashire, Derbyshire, and East 
Coast, and Great Eastern lines. The cost of the project is 
estimated at about ;^5oo,ooo, and the scheme has received 
encouraging support from the owners on the proposed route. 
The engineer of the scheme is Mr. A. O. Ferguson, of 
Chesterfield, and the solicitor to the Bill is Mr. F. C. Lynn, 
the Town Clerk of Matlock Bath. 

Four - Cylinder Compound Engine for the Great 

Northern Railway. 
It will be remembered that the Great Northern R. Co. 
invited British locomotive builders to submit designs for what 
they considered to be the best type of engine for working the 
express traffic of the G. N. R. We understand that the 
design for a large 4-cylinder compound engine sent in by the 
Vulcan Foundry Co., Newton-le- Willows, has been accepted 
and an order given for the engine to be built in time for next 
season*s traffic. 

Proposed Pension Fund ; North Eastern Railway. 

The Parliamentary notice of the North Eastern R. shows that 

the company proposes to establish a Pension Fund for the 

benefit of its servants, and asks for the following p>owers : — 

To establish or provide for the establishmeDt of a pension fund for the 
benefit of all or any of the servants of the Company, or of any Company or 
Joint Committee in which the Company are interested (including servants 
of the Fund to be established), and (subject as hereinafter mentioned) to 
authorise the Company to appropriate for the purposes thereof such 
moneys belonging to them and such proportion of the wages of such servants 
as they may think fit, or as may be provided for by or under the intended 
Act. and to invest, hold, or otherwise deal with the moneys set apart or 
accumulated for such fund and to authorise the making and alteration of 
rales for the management of the fund and otherwise m relation thereto, 
and to confer and imp>ose upon the Company and upon any Committee 
that may be appointed and all [larties concerned respectively such powers 
and obligations as are usual or convenient for the establishment and 
nudntenance of such pension funds. 

Railway Clearing Superannuation Fund Corporation. 
This fund, which is commonly spoken of as the Clearing 
House Fund, and of which Lord Claud Hamilton is the 
Chairman of the Committee of Management, appears to be in 
anything but a satisfactory condition, as the actuaries, 
Messrs. Ralph P. Hardy & Geo. King, appointed to examine 
into its position, report a prospective deficiency of ^482,937. 
There are over 400 annuitants on the fund. It has now 15,319 
subscribers, whose subscriptions amount to ^40,000 a year. 
Besides the members of the Clearing House Staff, those of the 
Great Central R., the South Eastern and Chatham, and 
abgut 40 smaller companies, which are not numerous enough 
to have their own fund, are members of the Clearing House 
Fund. The present annuitants are receiving 10% less than 
their proper pensions. A meeting of the contributors has been 
called for the nth instant at the Drill Hall, Camden 
Town, N.W., to adopt the actuaries report. 
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^rchecl Ribs,— V. 

luded frotn page 325J 
jtise on Arches,'^' 1897, P^S^ 2^>^ 
lie A rck, with two Hinges^ one at each 
Support. 

I of Howes Treatise on Arches,'^' page 20, 
: are given : — 



M, = V, X ^ H,y - %. P (x ^ a) 




(I - 2*^ + A»)} 



(64) 



{64a) 



tion given in table I., page 316. 
k) (65) 



//,jK - |P(^-a) 



(69) 




'tZt 6€ 

Fig. 21. Values ol^. 

^i = 52-316' X i2-i6' - 104-54' X 854' - o 
= 636- 16 - 89277 - o 

M, = 52-316' X 2432' - 104-54' X 1475' 

— 6 73' X I2i6' 
= 127232 - i54i'96 - 81-83 
A^8 = 52-316' X 3648' - 104-54' X 1875' 

- ( 673' X 12*16' I 
1 673' X 24-32' S 
= 1908-48 - 1960-12 - 24551 

M* = 52-316' X 4864' - 104-54' X 2i-o6' 

673 X 12-16 



V, 



— X — M 



6-73 
6-73 
2201-61 — 



I 



., W.G6' H 

Fig. 19. 

^ 6-^3 6-75 S'75 «-73 673 6-73 €'75 6-73 
24^ HS6 !±£ fS:SP ^g^^ 
2/06 2579 253^20^ Tf^ fons 

' i' i" C i' i' / i' f 



y 



\ 



^ 






Fig. 20. Diagram of Loading. 



) I on fig. 20 = 
2 „ = 



3 
4 
5 
6 

7 

8 



Sum = f X 

/ 



6-73' X 
= 6-73 X 
= 6-73 
= 6-73 
= 2i-o6 

= 2379 

= 20-83 
= 20-33 



-0981 = -6602 tons. 

-1856 = 1*2490 

-2541 = 17101 

-2976 = 2*0028 

•3125 = 6*5812 

•2976 = 70799 

•2541 = 5*2929 

•1856 = 37732 



= 17-65 X -0981 = 1-7314 



12-16 \ 

X 24-32 I 

X 3648 ) 
= 2544*65 — 2201-61 — 491*02 

M5 = 52-316' X 60*80* - 104-54' X 21-88' 

6-73 X 1216 
6*73 X 2432 
6*73 X 36-48 
6*73 X 48*64 
= 3180-81 - 2287*33 - 818*36 

Af« = 52-316' X 72*96' - 104*54' X 21-06' 

21*06 X 1216 

6*73 X 2432 

673 X 36*48 

I 6*73 X 4864 

I 6*73 X 6o*88 

= 3816*97 — 2201-61 — 1401*80 

My = 52-316' X 85*12' - 10454' X 1875' 

23-79 X I2*l6 

21 -06 
6*73 
6*73 
6*73 
6-73 
= 4453-14 — 1960-12 — 2438-20 

M, = 52-316' X 97 28' - 104*54' X 1475' 



I 




I2I-66' 



V^ = 



21-88 
2 P (I - A) 



30*0807 tons. 
30*0807 = 104*54 tons. 



load I on fig. 20 = 6-73' x *9 = 

-8 = 



2 
3 
4 
5 
6 



= 6*73 

= 6*73 

= 6-73 

= 21*06 

= 23-79 

= 20-83 

= 20-33 

= 17-65 



7 
-6 

•5 
•4 
•3 
•2 
-1 



6-057 ^o^s 

5-384 
4711 
4*038 
10*530 
9-516 
6*249 
4*066 
1-765 



= 508930 
Mt - 52*316' X 



52*316 tons. 




Ft. Tons. 
= — 256-61 

= - 351-47 
= - 29715 

= - 14798 



= + 75'i2 



= + 213-56 



= + 54-82 



= -f 146-80 
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Bending moments from total load — 

Af I = — 256 '61 ft. tons. 

^1 = - 351-47 
M, = - 297- 15 

M4 = - 147-98 

Af 5 = + 75*12 

Mj = + 213-56 

Mj = + 54-82 

Af s = + 146-80 

My = + 5«-94 
//j = 104*54 tons, 
l^i = 52-316 

*^ Symmetrical Parabolic Arch without Hinges" 
The following formulae are given on page 29 of Howe's 
Treatise on Arches, previously referred to : — 



^ 15 I2i'66 ■ Q . 

Sum = -j^ X ' 21'SS ^ S'^79^ = io8-oot(Mis. 

/ / 
Af I = T* V ^ ^ reading (i — k) for k. 

Tons. 
6-73 
6-73 



From load i on fig. 20 = b-73 x 

2 ,, = 6-73 X 

3 ». = 6-73 X 

4 „ = 6-73 X 

5 „ = 21 -06 X 

6 M = 23 -79 X 

7 „ = 20-83 X 

8 „ = 20-33 X 

9 „ = 17-65 X 



Tons. 
•8177 

*86i4 

•4946 



— •1215 = 

— -1280 = 

— -0735 = 

— -0000 = — 

+ -0625 = + I -3162 

+ -0960 == + 2-2838 

+ '0945 = + I '9^4 

+ -0640 = + 1-3011 

+ -0225 = + -3971 



^«=^ 2^^Mi-^r 



M,= 



411 2 ^* 

A,i = function given in table XI. (page 321) 

n - ^ 

^^ipk{i-ky{5k-. 2) 



(91) 

(9ia) 
(92) 



Sum = 60-83' X 5*0929 = + 309 



Tons. + 5*0929 
'80 ft, tons. 



«. = i 



= - 2 ^ ^» reading (i - k) for k 

7. = 2 P (I - A)Mi + 2*) . . . 

= 2 P^ 

6 5^- 2 f 

5 9* -^ 
= /^ 

y^ - 5 9 (I - *) -^ 

= /Ag, reading (i — ^) for ^ . . 



(93) 



^'i = 



(95) 

(96) 
(100) 




Fig. 22. 
Ml = moment at left support. 
M, = moment at any section x. 

Diagram of loading same as fig. 20. 

15 I 



//. = 



— V ^ A,i. 
411 2 " 



From load i on fig. 20 = 



Tons. 






Tons. 


6-73 X 


•0081 


= 


•0545 


6-73 X 


-0256 


= 


•1723 


673 X 


•0441 


= 


•2968 


673 X 


•0576 


= 


-3876 


21-06 X 


•0625 


= 


1*3162 


23-79 X 


•0576 


=. 


1-3703 


20-83 X 


•0441 


= 


9186 


2033 X 


-0256 


= 


5204 


17.65 X 


.0081 


= 


•1429 



I 

2 

Tons. 

6*73 

= 6*73 

= 6*73 

= 6*73 

= 2I'o6 

= 23-79 

= 20*83 

= 20-33 

9 .. = 17-65 

Sum +6083 X - 3-0973 = - 



P\ 



From load i on fig. 20 = 

2 „ = 

3 ., = 

4 .. = 

5 M = 

6 ,. = 

7 
8 



+ 
+ 
+ 
+ 
+ 



188 



•0225 = 
•0640 = 

•0945 = 
•0960 = 
•0625 = 
-0000 = 
•0735 =- - 
-1280 = - 
-1215 = 
41 ft. tons. 



Tons. 

-1514 

-4307 

•6359 

•6461 

[•3162 

I 5310 
2*6022 
2-1444 



From load 



v^ - 


Tons. 




on fig. 20 


= 6*73 X 


9720 




= 6-73 X 


8960 




= 6-73 X 


•7840 




= 6*37 X 


-6480 




•= 21*06 X 


-5000 




= 23-79 X 


•3520 




= 20*83 X 


*2i6o 




= 20*33 X 


•1040 




= 17-65 X 


•0280 




Tons. 
6-5415 

6-0301 
5 2763 
4*3610 
10-5300 
8-3741 

4*4993 
2'Xi43 

•4942 



Sum 48-2208 



5-1796 



M, Mj M4 M^ M„ Mo 
|< I2h66* H 

Fig. 23. 
M AT = M, + K, a: - //i y -| P (at - <i) 

Ft. Tons, 
^s - + 309-80 + 48-22 (l2-l6) — 108 (8-54) — O 

= 309-80 + 586-35 - 922-32 = - 26- 17 

M, = 309-80 + 48-22 (24-32) - 108 (14*75) 

— 6-73* (i2-i6) 
= 309-80 + 1172-21 — 1593 — 81-83 = — 192-32 
M5 = 309-80 -h 48-22 (36-48) - 108(18-75) ~^ 

-| 6-73'(i2-i6) I 

1 6-73' (24-32) U>, ^ 

= 309-80 + 1759-06 - 2gy|t^ec?«^-^LrO- 321M 
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Ft. tons. 

Af« = 309-80 + 48-22 (48-64) - 108 (21 06) 

- (6-73(i2-i6) 
1 6-73 (24-32) 
I 6-73 (36-48) 

= 309*80 + 2345*42 = 2274-48 - 491-02 = - 110-28 
Afy = 309-80 + 48*22 (6080) - 108 (21-88) 

-(6-/3(12-16) 
6 73(24*32) 
6-73(36-48) 
16-73(48-64)) 

= 309-80 + 2931*77 - 2363-04 - 818-36 = -f 60*17 
^f = 309*80 + 48-22 (72-96) - 108 (21-06) 

2i-o6 (12-16) 

673 (2432) 
673 (3648) 







6-73 (4864) 








, 673 (60-88) ; 




= 30980 + 3518-13 - 2274-48 - 1401-80 = 


+ 151-65 


Af, = 309-80 


+ 48-22 (85-12) - 108 (1875) 






— 


23-79 (I2-I6) 1 
2 1 -06 (24-32) 


















6-73 3648) 


. 






673 (4864) 








673 (60-88) 


1 






\ 673 (72-96) J 






= 309-80 


+ 4104-48 - 2025 - 2438-20 = 


- 48-92 


^10= 309*80 


+ 48-22 (9728) - 108 (14-75) 






— 


/ 2083 ri2-i6j \ 
2379 (24*32) 


















2106 (36-48) 








• 


6-73 (4864) 
6-73 (60-88) 
673 (72-96) 


^ 














\ 6-73 (8512); 




= 309-80+ 469084 -1593 - 3400-54) = 


+ 7-10 


Af„= 30980 


+ 48-22 (109-44) - 108 ( 8-54) 
- / 20-33 (1216) \ 








2083 (2432) 








2379 (3648) 






- 


2106 (48-64) , 








6-73 (60-88) 
673 (72-96) 
673 (85-12) 






^ 6-73 (97-28) ' 




== 309-80 


+ 5277- 1 7 - 922-32 - 477375 = 
ments from total load — 


— 109,10 


Bending mo 




M, 


= + 309-80 ft. tons. 




M 


= - 26-17 




M, 


= - 192-32 




M, 


= — 201-65 „ 




M, 


= - IIO-28 




M, 


= + 60-17 




M, 


= -h 151-65 




M, 


= - 4892 „ 




M„ 


= -h 7*10 » 




M„ 


= - 109-10 „ 




A/. 


= - 188-41 „ 




H. 


= 10800 tons. 




V, 


= 48*22 „ 

Change of Temperatuye. 




Howe's Treatise on Arches (pp. 29 and 36) 




E ss modulas of elasticity = 17,000,000 lbs. 




4? = moment of inertia : 


= 15491 ins. 







e = co-efficient of expansion = •0000067. 

/° = degrees of change of temperature = So** F. 

A ^ E 6 COS. <^, il ^ be taken at the crown cos. ^ = i 

and E cos. </> is constant throughout. 
/ = rise of arch = 21*88 ft. = 262 ins. 

Free Ends, 

f^' = '-i^ "" (86) 

_ 15 X 17.000,000 X 1 5491 X -0000067 X 80 

' 8 X 262^ 
= 3855-6 lbs. = 1-72 tons. 

M =^ ^ H,y . (90) 

Say at centre — 

— 1-72' X 21-88' = 37*63 ft. tons. 

Fixed Ends. 

"'^'rr''' ^**°^ 

__ 45 X 17,000,000 X 15491X -0000067 X 80 

4 X 2b2* ~ 

= 23139 lbs. = 10-33 tons, 

M, = M, = //, I / (144) 

= 10-33' X t 21-88' 
= 150-71 ft. tons. 

Uniform Loading. 

Howe's Treatise on Arches, 

Arch without hinges, p. 23. 

^ = Y^ t^ ^ [*• (5 - 5 *» + 2 ^) (70) 

k =: ^f n = i and w = load per unit length of span, 

= B ^ ^ ^ "'-^ [(«• (5 - 5 (sY + 2 Csy) r» 

i2i-66« /, , . A 

= 42*282 (+ i) w ^ -f 42*282 w 

and «/ = 1-22 (moving load) 

i/j = 42-282 X 1-22 = 51-58 tons. 

K, = ^ [M2 - ^) (71) 

121-66 I, . ,x) 

= 6983 (*75) w = 45-6225 w 
and 45-6225 X 1-22 = 55-66 tons = V^. 

Arch with Fixed Ends. Howe's TreaHse on Arches^ 

pp. 37 and 175. 
A* 

^. = f^^ [*• (10 - 15 A + 6 *0 (*+7) 

A = J; tt/ = i'22 tons 

= -T^x-^^ I <«■[■»■•• + a). 
-T^ (■■«< + ♦>)" 

= 84-564 (*5) w = 42-282 w 
= 42-282 (1-22) = 51*58 tons. ^^-^ J 
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M, = 



w /* 






(-i+3*-3^ + *") 



(148) 



[(«' (-1 + 3 (-5) - 3 (-5)' + 
( - '03125) w 



(•5)*) rv 



i2jt-66* 

2 
_ 121-66' 

2 
= — 231*267 «/ = — 231-267 (1-22) = ~ 282-14 tons. 



M, 



= ?Li! Fa* (I - 2 ;t -h ^*) 

- ((«• (+ -25)) t. 
(+ -03125) w 



(149) 



121-66' 

2 
121-66' 
~ 2 
121-66' 



2 (-5) + 



(•sr) 



= + 23i'267 w 

= + 231-267 (1-22) ~ + 284-14 tons. 

Dead Load Only -553 tons = w^ 
w^l _ '553 X 121 -66 
2 2 



= 3364' = V, 



w'o ^ _ '553 



X 121-66' 



= 46-76' = //,. 

% k 8 X 21-88 ^^ * 

//, in both cases of free and fixed ends 
Dead load = 4676 
Moving load = 51*58 



Kj free ends = 



98-34 tons. 



Dead load = 3364 
Moving load = 5565 



8929 




Vx free ends = 

Dead loads = 33*64 

Moving loads = 18-55 — (60-83 (1-22) — 55*66) 



52-19 



15-ton Covered Goods Wagon : Great Central 
Railway. 

By the courtesy of Mr. J. G. Robinson, M.Inst.C.E., we are 
able to illustrate the i5-t6n covered goods wagons- which he 
has designed for the Great Central Railway. The economical 
advantages of high-capacity low-tare wagons have been so 
often pointed out and commented up>on in these columns, 
that we need not now repeat them at length. Suffice it to 
say that a four-wheeled covered goods wagon of 15 tons 
capacity is probably in every way as economical as a bogie 
wagon of 50 tons capacity, and more so than one of 30 or 40 
tons capacity. 

It will be seen, from the annexed drawings, that the body 
is constructed of wood, and the underfame of steel. The 
body framing is of oak, and the roof side-end and floor-boards 
of deal. 

The dimensions and chief particulars are as under : — 

Length over buffers 30' 6J'; length over headstocks and 
over body 27' ; wheel base 15' ; length inside 26' 5", 

The wagon is fitted with two double sliding doors on each 
side, placed 13' 6" centre to centre. The doors are 5' 8" 
wide when closed, and give a clear opening 5' wide x 
6' I li" high. 

There are also two roof doors diagonally over the side 
doors. These roof doors rest on rollers ij" ^iam. x Y wide, 
which roll on channel runners ij" y. y x. ^ on the outside of 
the roof, and give a clear opening right to the middle of the 
wagon. This greatly facilitates the loading or unloading of 



Section A, A. 



End Viert 




Cross Sections and Knd View of is-Ton Covered Goods Wagon, Great Central Railway. 
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large packages (see cross section C C). The weakening effect 
of thus cutting the top rail of the sides is compensated by 
strong pressed steel knees, and by T roof sticks 3!" x 2" x 
f " bolted to the door p>osts, and connected together along the 
centre line of the roof by a T of the same section. 

Tlie width outside the body is 7' 8", and inside clear 7' i". 

The height from top of floor to under side of top rail 6' 9^", 
and the clear height in the middle 7' 9J". From the rail to 
outside of roof in the middle 12' of" when the wagon is empty 

The scantlings of the body framing are — Corner pillars, 
Ai" ^ 4i"» grooved to take the casing boards as shown ; door 
pillars, 4}* X 3^' ; p>osts and horizontals halved where they 
cross, 4" X li". Outside casing boards, T and G, vertical, f " 
thick ; inside casing boards, horizontally arranged with about 
2" space between them, i" thick ; roof boards, i" thick ; roof 
sticks, 2 J" X 2i"; side door frames, 5" x 2^" sides; 6" x if 
top and bottom rails ; diagonals, 3^" x li". 

The cant rail 4" x si" ; the bottom end and side plates are 
4" X 3J" grooved all round to fit into angles 8" x 3" X f" 
along the sides and 3" x 3" X f" along the ends. These 
angles at the sides are supported by pressed steel brackets 
riveted into the channel soles, as shown on cross section B B. 
The angles are bolted to the bottom plates and carry the floor 
boards which are 2" x 6J", except the two end ones, which 
are 7J" wide. 

The bottom post knees are 14" x xo" and the top ones 
9" X 6f X i" thick and i}" flanges. Bolts generally 
I" diam. ; vertical tie-bolts down middle of sides f " diam. 

The underframe is built up of steel channels and angles 
joined by f " rivets. 

Soles, headstocks, and transverse members are channels, 
12" X si" X i" ] diagonals and longitudinals are angles 

9" X sV X A". 

The draw-bar is continuous; the buffers have cast-steel 
guides, and both draw-bar and the buffers are fltted with 
Spencer's India-rubber springs. 

The wagons are provided with the Vacuum Brake Co.*s 
automatic brake and also with Morton's hand brake working 
on all the wheels. 

The bearing springs are 3' 6" long, and have 7 plates 4" x |". 

The wheels are 3' i J" on tread. 

The journals 9" x 4J" and 6' 6" between the centres. 

The tare weight is 10 tons. 5 cwts. 



College and Bellgrove Widening : North 
British Railway. 

For some time past the North British Railway Company 
have been engaged in carrying out widening operations 
between College Station and Bellgrove, with a view to 
improving traffic facilities to and from the former station, 
which is in course of being completely remodelled and brought 
up to date and at the same time greatly enlarged, and so 
doing away with the frequent long and unavoidable delays 
ansing from congestion of traffic, both passenger and goods, 
over the present two lines between College and Bellgrove. 

These operations have involved a great deal of heavy work 
in retaining walls, bridges and covered ways, the line being 
carried under six streets and also under the Corporation 
Cattle Markets and Slaughter Houses between Moore Street 
and Bellgrove Street. These works are now all completed 
^nd the permanent way is being laid down, so that the 



company should soon begin to reap the benefit of that portion 
of the extensive improvement they are carrying out on this 
portion of their system. 

A more interesting part of the work, however, lies in the 
enlargement and remodelling of College Goods Station^ for 
which the widening of the railway is to serve as an outlet. 
The present Goods Station is to be entirely swept away and 
the new station will embrace, in addition to the area occupied 
by the old station, that large portion of the ground which 
lies to the nbrth of the present station between High Street 
and Alexander's School and facing Duke Street. The old 
buildings on this ground, some oi them in ways quite 
historic, and which formed a part of that old Glasgow now 
fast disappearing, were cleared away some time ago, and for 
some months Messrs. Robert McAlpine & Sons, who are the 
contractors for the works in connection with the new station* 
have had an army of workers busily engaged on the site. 

The new station will be in two separate and distinct 
portions, one for general merchandise and one for mineral 
traffic, the former being located on the site of the old station 
and adjacent ground, and the latter on that portion of ground 
between Hunter Street and Barrack Street facing Gallow- 
gate, known as " The Barracks,'* and lately occupied by 
** The Carnival.*' This piece of ground is being laid out as 
a mineral dep6t, access for railway traffic being obtained 
by a new bridge constructed under Barrack Street, at the 
north east corner of the ground, and to the south of the old 
bridge, carrying Barrack Street over the passenger lines from 
Queen Street low level station, while convenient cart access 
to the ground is got from Gallowgate. 

The principal feature of the general station will be the 
large warehouse which is now under construction, and the 
walls of which can be seen rising above the barricading 
along Duke Street. The warehouse is to be 500 feet long 
and 321 feet broad, and will meantime consist of three upper 
floors and basement floor, provision being made for the 
addition of another floor as soon as the growth of traffic 
warrants the extension. The rails will run into the 
warehouse on the level of the lowest of the three upper 
floors, 10 sets of rails being required, which will run the 
whole length of the warehouse, and not far short of a milct 
of railway track will be laid inside the building alone. Three 
roadways for lorry traffic and five loading tables for handling 
of goods will be provided on this floor to deal with the 
traffic, and any goods which are not to be removed from the 
warehouse at once can be raised to the upper floors or 
lowered to the basement through openings and traps in the 
floors for storage till required. 

The basement floor is extended beyond the area of the 
warehouse proper to the east of the building by arched vaults 
for a distance of 50 yards under the station sidings, and this 
floor should be useful for bonded store purposes, or a portion 
of it may be fitted up for cold storage for perishable goods. 
Access to this floor is obtained by a separate gateway and 
inclined roadway off Duke Street close by Alexander's School. 
The main entrances to the station and rail floor of the ware- 
house will be two in number and are off High Street and 
situated immediately on either side of College Passenger 
Station offices, the one on the south side of the offices bdng 
new. To give access to the yard from the latter entrance, a 
bridge has been thrown across the passenger station. At thc^ 
point where High Street and Duke Street Join afourth access 1 
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is being formed, and Irom this comer a cartway will rise to the 
level of the second of the upper floors and run along the 
building from west to east immediately inside the wall facing 
Duke Street, so chat cart traffic to and from the stores on the 
upper floors can be conducted without encroaching on the 
valuable space on the rail floor* Goods on the uppermost of 
the two storage floors will be lowered to the lorries on the 
roadway below through trap-doors in the floor. The chief 
idea throughout has been to prevent congestion of the diflerent 
sets of traffic, and it is hoped that this plan of having separate 
roadways for each set on different levels, and each roadway 
with its separate entrance, will meet the object in view. 

As already mentioned goods will be raised to the upper 
floors from the rail floor through openings in the floors. 
These openings will each be of considerable area, being 
almost 40 feet long by 25 feet broad, and will in addition to 
serving as a means for raising and lowering goods to and from 
the upper floors, form openings for ventilating, and to some 
extent lighting from the roof the lower floors. The building 
will be made fire-resisting throughout. 

One of the most important points in connection with a 
building of this class is the nature of the equipment for 
handling the goods and in this case all the machinery is to be 
worked electrically. A large number of overhead travelling 
cranes are to be introduced in place of the more usual jib 
cranes fixed on the floor level, with a view to economising 
floor space, though a few of the latter kind will be used in 
special cases. These travelling cranes will be distributed over 
all three upper floors, the basement floor being served by 
those on the rail floor. In addition there will be a number of 
hoists communicating with all the floors and the basement. 

On the rail floor a feature will be the method of dealing 
with the railway wagons inside the warehouse. No engine 
will be allowed inside the building, but all the movements of 
the wagons will be conducted by means of electric capstans 
and traversers. 

The rails will run into the warehouse in sets of two or 
three, one road in each case being a feeding road for bringing 
in empty wagons or removing full ones. 

By means of a series of traversers installed between 
adjacent lines of rails, the empty wagons, after being pulled 
into the feeding road by the capstans, will be traversed across 
from that line to the adjacent lines alongside the loading 
tables, the wagons being thus brought as neiir as possible to 
the point at which they are required. In the case of remov- 
ing wagons which have been emptied at the tables or have 
received their load, the operation will be reversed. This 
method minimises the interference with the work of loading 
or unloading other wagons, and greatly expedites the 
handling of the traffic. 

For dealing with special heavy loads, a large GoUath 
travelling crane capable of lifting 30 tons is to be installed in 
the yard close by, and should prove extremely useful in 
handling this class of goods. 

The work has been in progress now for some time, and 
though most of it has as yet been of the nature of foundations 
and does not make much show, considerable progress has 
been made, so far, by the contractors. 

In addition to the works at College and forming part of the 
same extensive scheme, there has just been completed at 
Shettleston a marshalling yard for the accommodation and 
marshalling of the traffic arising from College, &c., and 



further, the vndening of the line, which at present has only 
been carried out to Bellgrove, is to be immediately extended 
to Parkhead. As already pointed out, the saving effected in 
expeditious handling of traffic and quick dispatch and 
marshalling of the trains, as well as the avoidance of long and 
expensive delays to trains, should be a great benefit to the 
company, both financially and otherwise, and should lead to 
substantial development of the goods traffic of the company 
in this quarter, a development which the greatly increased 
accommodation and facilities of College Goods Station itself 
should enable the company to look forward to with equanimity. 
All these works are being executed to designs prepared by, 
and under the supervision of Mr. James Bell, M.Inst.C.E., 
the chief engineer to the railway company, Mr. Charles J. 
Brown, Assoc.M.Inst.C.E., their assistant engineer for 
new works, being in direct charge. 



South Australian Railways : 1903-4. 

The annual report of the Railways Commissioner, Mr. Alan 
G. Pendleton, upon the operation of the South Australian 
Government railways during the year ended 30th June, 1904, 
states that : — 

The capital expenditure was increased by ;^i 16,931 (spent 
chiefly on additional rolling-stock and machinery for the 
Islington Workshops), and amounted to ;^i 3,51 71727. 

The results of the working, exclusive of the Palmerston 
and Pine Creek line, as compared with the previous year are 
as follows : — 

Revenue— £ £ 

Passengers — First class ... 85,569 + 2,793 
„• Second class ... 210,438 + 11,548 

Mails, parcels, &c 71,600 + 11,229 

Minerals 250,469 -f 23,741 

Grain 59»59^ +30,018 

Wool 18,129 — 1,561 

Goods other than above ... 361,093 -|- 5f927 

Livestock 72,011 — 349 

Miscellaneous 3i»734 + 68 1 



Expenditure — 
Maintenance 
Locomotive branch 
Traffic, general, &c. 



; ^I, 160,639 + ;^84,027 

164,066 + 24,769 

. 343.487 + 26,270 

. 167,842 — 155 



;^675,395 + £50,88^ 



It is pleasing to record increased receipts under each head, 
except wool and live stock, and in these the small falling off 
is readily accounted for by the late drought. The mineral 
traffic shows an increase, owing to the greater tonnage from 
Broken Hill, the output of minerals in South Australia having 
fallen off during the period under review. The tonnage of 
grain carried was double that of the preceding year, and 
greater than in any previous year since 1891, when it was 
exceeded by about 6,000 tons. The rolling-stock proved 
equal to requirements, little occasion being given for 
complaints of delay in transit. This was due in no small 
degree to insisting on the trucks being more nearly loaded to 
capacity, and on prompt discharge at station of destination. 

The percentage of working expenses to revenue was 58*19, 
as compared with 58*01 in the previous year. 

The train mileage was 3,739,088, a decrease of 31,263 
compared with the preceding year, which, in view of the fact 
that ;^84,ooo more was earned, is satisfactory ; and, although 
the policy of restricting the train service in many places was 
here and there loudly condemned, it is quite certain the 
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general convenience of the travelling public was not 
seriously interfered with, and the interests of the State weie 
better conserved. 

The receipts per mile open were ;^668, compared with 
^620, and per train mile run 74*50^., as against 68*53^. in the 
previous year. 

The working expenses per mile open were j^sSg, as against 
/360, and, owing to less mileage run» per train mile 43'35i.» 
compared with 3975^. 

The expenditure was increased by ^^50,884 in (a) repairing 
damage done by floods in the North ; (b) the necessary relay- 
ing of parts of the permanent way and the securing of second- 
hand rails for the Glencoe line ; (c) an exceptional outlay in 
improving the condition of engines, and a small recoup with a 
view of replacing worn out rolling-stock ; and (d) the purchase 
of 13 locomotives boilers. The traffic expenses and general 
charges show a slight reduction. 

During the year the tonnage carried in connection with the 
Barrier fields amounted to 532,331, being an increase of 
40,620, and the total receipts hrom all traffic passing through 
Cockbum amounted to/362,663, beinganincreaseof j^23,322. 
For the first time during the past four years the tonnage of 
ore dispatched from the barrier shows an increase, which, it 
is believed, will be maintained in the future. 

For some time past consideration has been given to the 
desirability of increasing the size of the trucks used in the ore 
traffic from Broken Hill, and ** although all renewals will be 
'' arranged by the building of one large-capacity truck in lieu 
*' of three or four small ones condemned, I am not yet 
*' satisfied that the undoubted saving arising from the use of 
'' the larger truck would be sufficient to justify a recommenda- 
** tion that several hundred small wagons should be discarded 
*' and one-third or one-forth the number of large ones built. 
'* Such a course would have been most unwise during the 
•• past few years, while the tonnage from Broken Hill was 
'* falling off, and even now, when what looks like a continued 
** movement in the other direction has set in, I question 
'' whether the saving in working with the larger truck would 
** more than reach the amount of interest payable on the 
<* capital outlay for the old vehicles rendered unremunerative 
<< and the new in running.'* 

As the result of heavy rains, good supplies of water have 
been impounded in the reservoirs. The supply of water 
throughout the system is good. 

The consideration given to the question of electrifying the 
Glenelg and other lines in the suburban area, and the 
consequent uncertainty as to the alterations in the tracks 
which would follow such work, have necessarilv occasioned 
delay in bringing up to standard condition the way and 
works of the first-mentioned lines. The policy of *' patching " 
the existing roads, in order to keep them fit to safely carry 
even the small engines at present in use, has been pursued 
beyond the bounds of economy ; and no time should be lost in 
deciding as to the future method of working these lines. 

Whilst the cost of maintaining the way, works, and build- 
ing of these railways compares favorable with that of similar 
lines through the States, further economy is possible, without 
impairing efficiency, by improving the means of transporting 
men and materials. Steps have, therefore, been taken 
towards the gradual introduction of motor inspection cars and 
tricycles, and the replacement of present trollies by vehicles 
of a handier character. 

For the better accommodation of shipping at Port 
Broughton, the outer end of the jetty has been widened, and 
the T-head extended. 

Rail motor coaches are being introduced on certain lines, 
where the normal coaching traffic is small. They are being 
ixsed with marked economy in the old country. 

The working of the Palmerston and Pine Creek Line shows 
a substantial improvement. 

The revenue was /i 7,006, being an increase of ;^5,7o8 on 
the previous year's returns. The expenditure was ^13*2 19, 
as against /i2,8i2. The gross receipts per mile open were 
^117, and tne expenses ;^9i. The train mileage was 31,545. 



Chelmsford Motor Omnibuses : Qreat Western 

Railway. 

The Great Western R. Co. have quite lately put on a 
service of motor cars between Wolverhampton and Bridge 
North, a very popular resort to which there is much traffic 
from all parts of the Black Country, but to which the railway 
communication is very indirect. 

The service at present consists of three buses in each direc- 
tion between Wolverhampton (G. W. R.) station and Bridge- 
north, about 18 miles, and 13 intermediate buses in each 
direction between Wolverhampton and Wigbtwick, The tinte 
allowed for the longer journey is i^ hours, and 25mins. for the 
shorter one, the single and return fares being 25. and 35. 6</. 
and 6d, and is. respectively, but intermediate fates are picked 
up anywhere on the journey. Parcels and luggage are also 
carried. Through railway tickets are not issued on nor by 
these buses. 

For this service the G. W. R. company have adopted 
**Chelmsford** motor buses operated by steam, whereas all their 
other road motor services are worked with petrol driven cars. 

The builders of the " Chelmsford " buses are Messrs. 
Clarkson, Ltd., of Chelmsford, and to that firm we are 
indebted for the photograph and following specification of 
their standard chassis. Three cars have been supplied for the 
service. Each has a seating accommodation for 19 passen- 
gers, of which the two in the rear are reserved for " smokers," 
lea\ing the top clear for luggage. 

The outside of the cars are painted the G. W. R. standard 
colours — chocolate and cream. The interior is upholstered 
with Buffalo leather, and the windows fitted with spring 
blinds. The side windows are made to drop down and 
ventilators are fitted all round. The rear end is closed with 
a sliding door. The two rear seats which are outside the door 
are not glazed round but are fitted with storm curtains. The 
front seat is protected with semi-circular sliding windows. 

The fuel used is ordinary paraffin, which is consumed in a 
patent burner without smoke or smell, and this in itself is a 
great gain, as the offensive smell of the petrol exhaust alwavs 
seems to pervade the interior of petrol driven buses. Tne 
price of the oil is given at less than 4^. per gallon, and the 
average consumption of it about one gallon every 3^ to 4 
miles under or«iinary condition. 

Another feature of these buses is their silent running. 

It is worth notice that a service of "Chelmsford" buses 
has been in operation at Torquay for more than a year, and 
have given every satisfaction. Another has also been working 
well in the Lake District, where it, when fully loaded, climbs 
the hills with ease. Other buses are also at work in Sussex. 

The specification of the ''Chelmsford '* Chassis, and to which 
those of the G.W.R. omnibuses were built, is as follows: — 

The Frame to be formed of mild steel rolled channel, bent at 
the comers, and riveted with transverse members for tiie 
support of the engines and other details of the machinery. 

Axles to be of the best construction with case-hardened 
bearings; the boxes to be accurately machined out and 
bushed with bronze. 

Boiler, — The shell of the boiler to be constructed of mild 
steel, each part being pressed out of the solid plate. The 
tubes to be of weldless solid drawn steel ; to be expanded in 
the top and bottom plates, and in addition, beaded over so 
that each tube forms a stay. The boiler to be tested by 
hydraulic pressure to 700 lbs. per square inch, and by steam 
to 400 lbs. per square inch. T9, be fitted with twin safety 
valves to blow off at 350 lbs. Automatic regulator to control 
the burner. A gauge to be fitted to indicate the water ie:vel. 

SuperheaUr. — A steel superheating tube to be fixed ckise 
beneath the lower tube plate of the boiler. 

Burner.— Ihe latest and most improved form of " Clarkson *' 
burner to be used, capable of burning any grade of paraffin oil, 
whether kerosine, rocklight, homelight, &c. To be fitted with 
patent express starter, which needs no spirit. To be aato- 
matically regulated by the steam presstire, and to be entireiv 
self-contained, enck>8^ in a sheet steel burner box, lined with 
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nickel and asbestos. A charging cup and fan to be provided 
for the starter. The consumption of the burner to be tested 
up to 25 lbs. of oil per hour, at a pressure of 40 lbs. 

Engine, — To have two cylinders, 4 ins. x 4 ins. horizontal, 
double acting high pressure; valves to be actuated by " Joy's" 
gear. Cylinder and piston rings to be of special hard close 
grain iron. Piston rods and cross heads to be forged solid of 
steel ; bored guides. Solid ended and ribbed steel connecting 
rods, bushed with phosphor bronze. Crank shaft of forged 
steel, case hardened, bored hollow, to be made in halves, 
riveted together with steel driving wheel between. Enclosed 
in a cast aluminium case, with sheet metal panels made 
removable, the top panel to have a circular inspection hole, 
fitted with a quickly removable lid. 

Differential Gear.— The engine to drive direct on to a bronze 
gear ring encircling the differential gear box ; the sides of the 
box to be of cast steel ; the differential gear to be of the spur 
type. All six wheels to be of phosphor bronze, cut out of the 
solid, and working on hollow steel pins. The differential 
shafts to be of steel, forged solid with the wheels on the inner 
ends, the outer ends to be coned and screwed and fitted with 
key for securing the chain sprockets. Each shaft to be 
carried on two hard steel bronze bearings, having large 
wearing surfaces, which are ground to fit. The two inner 
bearings to take all end thrust. The outer bearings to he 
fitted with an oil retainer. Each shaft to carry two eccentrics, 
which are keyed on and fixed longitudinally by distance tubes. 

Lubrication (General). — A supply of oil to be carried in a 
well in the engine case, and the oil from all bearings to drain 
back into it. From the well a pump is 10 force the oil into 
each of the bearings in succession by the action of Clarkson's 
patent distributor. This ensures that every bearing is pro- 
perly oiled, without any further attention, than occasionally, 
say once a week if in regular use, adding a little oil to the well. 

Lubrication (Cylinder). — The cylinders to be fed by two 
positive pumps contained in aluminium reservoir. The 
pumps to be driven by worm gearing from the engine. The 
lid of the reservoir to cover a large opening, and to be quickly 
removable for inspection and refilling. 



Pumps, — Four bronze force pumps to be driven direct from 
the differential shaft, to deal with the boiler feeding, return 
water, fuel and lubricating oil. The pumps to lie fitted with 
** Clarkson's " patent high speed valve box, and to be inter- 
changeable. A pump to be also fitted for filling the boiler 
by hand. 

Piping. — All pressure pipe lines to be niade of seamless 
ste^l. Joints to be flanged and secured by steel unions. 

Tanks. — A galvanized iron water tank of not less than 25 
gallons capacity to be fitted w^th drain cock, filling and 
suction strainer, and filter box. Part of the top to be made 
removable for inspection and cleansing. The Main Fuel Tank 
to be made of sheet steel, riveted together and galvanized. 
Capacity not less than 25 gallons. To be fitted with glass 
gauge and graduated scale, filling and suction strainers. Part 
of the top to be made removable for inspection and cleansing. 
The Pressure Tank to be of seamless steel, and to be tested to 
200 lbs. per square inch by hydraulic pressure. 

Valves, Gauges and Fittings. —These to be all of the highest 
class, and of practical construction. 

Brakes. — There are to be two independent brakes, acting 
directly upon the driving wheels ; an outer band brake worked 
by a foot lever, and an inner band brake worked by hand 
and capable of locking. Beth brakes to have metallic 
surfaces. 

Steering. — This to be operated by a wood-rimmed wheel 
suitably connected to the Akerman axle. 

Condenser. — The condenser to be of rectangular form, to be 
made of ** Clarkson's" patent tubes, fitted into aluminium 
side pockets, partitioned to cause the steam to traverse a 
long patli. A water pocket or "hot well'* to be fitted, to 
collect the condensed steam, and any uncondensed vapour 
to be permitted to escape. 

Driving Chains. — Steel roller chain if ins. pitch, test break- 
ing load 4 tons. 

Wheels. — 34 ins. diam., artillery pattern, with steel hubs, 
cleft oak spokes, and ash felloes. Tyres on front wheels, 
single, 3^ ins. solid rubber, and on the back wheels 3^ ins. 
with solid rubbers. 



Chelmsford Motor Omnibuses. Great Western Railway. 
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Efail-Isaf and Wenvoe Stations: Barry Railway. 

Modern Railway Stations. — III.* 

We are indebted to Mr. Wm. Waddell, M.Inst.C.E., engineer of the Barry R., for the 
annexed drawings of Efail-Isaf Station, and also for the photograph of Wenvoe 
Station, both of which are country stations of the same class on the main line from 
Barry to Hafod. 

These stations have been built about nine years, and their accommodation is generally 
considerably in excess of the present requirements, but the great convenience of 
the arrangements, both of the building and station-yard, is fully appreciated by the 
public and the company's servants. 

The station buildings are constructed of pressed Cattybrook red bricks with Forest of 
Dean quoins. The entrance is straight through the waiting hall (25 ft. 3 ins. x 17 ft.) ofi 
which the other rooms lead, as shown on the plan. The station-master's office 
(16 ft. 6 ins. X 8 ft.) has also an entrance oflf the platform, but the porters' room, 
(10 ft. X 12 ft.^ has only an entrance oflf the platform. The ladies' waiting room is 
13 ft. X 12 ft. The total length of the station building 61 ft. 7 ins. 

The platforms are 450 ft. long, and have a width of 25 ft. at the widest part. The 
surface is gravel, with a coping of York stone 18 ins. wide. The platforms are connected 
by an over foot-bridge for passengers, and there are the usual ramps and crossings at 
each end. On the platform, or down side, there is an iron and glass verandah the 
whole length of the station building for the protection of passengers. 



•No. I., Badminton, G. W. R., September, 1904 ; No. II., Walkerburn, N. B. R., December, 1904. 
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It will be noticed that there are two through and two plat- 
form lines through the station, and that the passing loops are 
of considerable length, this being necessary owing to the line 
being crowded with long mineral trains. There is a cross- 
over just in firont of the signal box, between the two through 
lines. 

The yard is provided with sidings for loading and discharge 
of goods, and there are cattle pens and loading banks for 
wagons. 

The cost of these stations, including platforms, buildings, 
approach roads, &c., was about ;^5>ooo each. 



Powles and Moore's Patent One-Wire 
Block Instrument. 

Wb were recently afforded an opportunity of inspecting, at 
the works of the manufacturers, Messrs. P. Walters & Co., 
Kensal Town Telegraph Works, London, the new •* One- Wire " 
Block instrument, and which the firm is now manufacturing 
in considerable quantities, chiefly for Foreign and Indian 
railways. 

It will be seen from the external view, fig. i, that the 
appearance of the instrument is similar to that of ordinary 
block instruments. 

The upper or dial portion of this instrument consists of 
two electric miniature semaphore arms. The upper one 
represents the starting-signal, and is worked from the cabin in 
advance. The lower arm represents the starting-signal of 
the cabin in the rear, for a train coming from that direction. 



The upper semaphore is manipulated by the signalman in the 
advance cabin, and cannot be altered in any way by the 
commutator of its own instrument. The lower semaphore is 
worked by the outgoing current sent by the commutator of 
the instrument, and is synchronous in its movement with the 
upper semaphore arm on the instrument in the rear cabin of 
the section to which it is connected. 

The visual signals being in the form of miniature semaphores, 
the signal received in reply to " is line clear " is unmistak- 
able, as the semaphore arm either remains at danger with the 
answering bell signal, or is lowered to '' line clear" position. 

The movement of the miniature semaphore therefore leads 
the position that the outdoor starting-signal should be put to. 

A signal sent when the commutator indicates either " line 
closed '* or " train on line," puts its own lower miniature 
semaphore, and the rear cabin's upper miniature semaphore. 



Mode of Working Powles & Moore's Block Instrument for Single or 
Double Lines. 



Train travelling 

Outdoor Signal— Starting Signal for 
Up Line, Section AB. Train 
going from A to B. 

Upper Miniature Semaphore — 
Leads position for above Start- 
ing Signal. 

Lower Miniature Semaphore — For 
train coming from B. Indicates 
position of Upper Semaphore 
at B. 

Indicator — Shows condition of 
Down Line, Section AB, Train 
coming from B to A. 



from A to B. 

Outdoor Signal — Starting Signal 
for Tip Line, Section BC Train 
going from B to C. 

Upper Miniature Semaphore — For 
train going to A. Leads position 
for Starting Signal. Down Line 
(not shown below). 

Lower Miniature Semaphore — For 
train coming from A. Indicates 
position of Upper Semaphore at A 

Indicator — Shows condition of Up 
Line, Section AB, Train coming 
from A to B. 
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to the up or down danger position, but when the commutator 
indicates ** line clear " and a signal is sent, these semaphores 
are lowered. The semaphores cannot be moved without 
giving an audible signal on the bell in the distant cabin. 

It is most necessary that the signalman in advance (and 
who gives permission to the reai cabin to allow a train 10 
enter the section) should know the exact state of that section. 
This is indicated clearly to him in clear bold type, coloured as 
follows : — 

Line closed — black letters on white ground. Line clear — 
white letters on green ground. Train on line — white letters 
on red ground. 

The commutator is arranged to show either of three 
indications, the one visible denoting the exact state of the 
section which the instrument governs. 

It is compulsory, when the signalman has given ** line 

Fig. 3- Fig 5 



The whole of the exterior metal work is always at earth 
potential. 

The ordinary code of block working can be adhered to. 

Only one line-wire is required, and only one battery of 
from 4 to 6 Leclanche cells is necessary for each instrumen 
The sending Hue battery also acts as the local battery in the 
relay bell circuit. 

Fig. 2 shows diagrammatically the working of a pair of 
these instruments. Figs. 3 to 9 show the internal mechanism 
by which the results enumerated above are obtained. It is 
strong and simple, and brass spring rubbing contacts are 
used throughout for the electrical connections — no silver or 
platinum contacts heiug used. 

The construction and working of the commutator is as 
follows : — 

Fig. r 
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Fig. 4. Fig. 

clear," that he must also send ** train on line " before he can 
bring the instrument back to its normal position of ** line 
closed." 

For receiving trains the commutator works in a complete 
cycle, and once it has been turned to indicate ** train on line," 
the instrument cannot be put to " line clear " until *' line 
closed *' has been sent. 

The instrument may be put to •* train on line " from either 
the ** line closed " or ** line clear" positions. 

Directly the commutator is moved from one indication to 
another, it is locked in that position, and cannot again be 
altered until the plunger has been depressed, thus setting the 
electrical semaphores according to the indication shown by 
the commutator, and also ringing the bell at the other cabin. 

The bell plunger is always free to be used. 

The electrical commutator being circular requires the 
minimum number of contacts to be made, and is so arranged 
that it is impossible to short circuit the battery. 



6. Fig. 8. 

The plunger b^ moves in a spring box &\ which rotates in a 
bush h hxed on to the door of the instrument, fig. 6. The 
spring box hl^ is rotated by means of the milled finger piece b 
and which in turn rotates the plunger by means of the pin i*, 
which slides when the plunger is plunged in a slot J* cut in 
the spring box b^. 

Towards the end of the plunger is fixed a large insulating 
block c^ on to which are fixed the contact arms c^ <^y which 
make the necessary electrical connections between the pairs 
of contact springs, kh^l^k" k*l^. Into the end of the plunger 
rod is screwed an insulating cap d, which carries a contact 
piece rf* which normally makes a connection between the 
contact springs ^, but when the plunger is plunged the 
springs pass off d^ on to d and the connection is broken. 
The contact arms r* c^ are of different widths and the guard 
ring ^, which is a little higher than the contact springs, has 
three pairs of slots cut in it so that the plunger can only be> 
plunged when it is in one of the three correct positions. The*" 
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guard ring is cut at 1^ A", fig. 5, so that should the arms c* ^ 
rub on it no electrical connection is made. 

The indicator plate d\ figs. 3, 4, and 6, is rigidly attached 
to the spring box b^ and it is locked in position by the bolt ^, 
which is carried on the contact arm (^ and in a rectangular 
bole g, with the indicator plate d^. The bolt carries a spring 
in compression which normally tends to shoot it through the 
indicator plate, but this is prevented by a shutter plate ^ 
carried on the indicator plate by a bolt g^, on which it is free 
to oscillate, but is maintained in its central position closing the 
hole g by two spiral springs ^, The upper part g^ of the 
shutter is cam shaped, and when the indicator plate is rotated 
it comes into contact with one of three fixed pegs A*, A*, A', 
and is therefore pushed aside and allows the bolt to shoot 
through into one of three notches A\ h , A', cut in the fixed ring 
A, so that the indicator plate cannot be rotated again unless 
the bolt be withdrawn by plunging, and thereby giving an 
indication to the other signal box. Directly the bolt is with- 
drawn the hole g is closed by the shutter g^. The rotation of 
the indicating plate in the direction to give the proper 




Fig. 10. 
sequence of signals, viz., " line clear," •* train on line,*' 
•* line closed,** is secured by fixing a spring pawl «S so that it 
always presses on the edge of the plate and having its detent 
so shaped that it will allow the pins ^', ^, on the back of the 
plate, fig. 4, to pass it in one direction. But in order that 
the indication may show "train online*' from either of the 
other two indications the third pin is omitted. 

The arrangements of the circuits and working can be readily 
understood by referring to fig. 8. A and B shows dia- 
grammatically two sets of complete apparatus, A being at one 
end and B at the other end of a section. We will suppose 
that a train is required to be sent from A to B, and is standing 
at A, both the '* up '* and ** down *' lines being closed. Both 
indicators show '* line closed,*' and all miniature semaphores 
are at danger position. A asks B for permission to send a train 
by pressing his plunger. This rings B's bell, the circuits being 
as follows : — Starting from copper pole of battery M, the 
current goes through the contact maker which connects k pair 
of springs to " line/' and along same to instrument at B. 
Here it goes across springs A* to coils m* w*, from thence 
through the relay coils w* w* to "earth," back through 



** earth " to instrument A again, through coils w' w^ across 
contact maker between springs A', and thence to zinc pole of 
battery m, thus completing the line circuit. This current on 
going through the relay coils m^ m^ of instrument B, attracts 
the armature m', and closes the local circuit which energises 
the coils m^ i»^ which rings the bell. As B's indicator is 
showing " line closed," he knows that there is no train in the 
section. He then rotates the indicator plate to show " line 
clear,*' and then presses in his plunger. In this position as 
previously mentioned, when the plunger is pressed, springs 
A" are broken, and A* and A* respectively connected together. 
The electrical circuit is thus made similarly as explained with 
instrument A, but in this position it will be noticed that 
instead of the copper pole being put to line and zinc to earth, 
zinc is put to line and copper to earth. Thus B's bottom 
flag p and A's top flag/* will be lowered, and A's bell rung. 
A now seeing that his top miniature semaphore is lowered, 
knows that he may lower his outdoor starting signal, which 
he does, and the train proceeds towards B. Directly the train 
has entered the section, A informs B that this is so by means 



Fig. 9. 

of a certain number of beats on B's bell. B then rotates his 
indicator plate to show ** train on line " and plunges, that is 
copper is put to line and zinc to earth. This raises the 
miniature semaphores / and p\ and rings A's bell. The train 
is now in the section proceeding towards B, and B's indicator 
is showing " train on line." When the train arrives at B, and 
passes out of the section, B rotates his indicator plate to show 
" line closed," and presses his plunger the requisite number of 
times to give the code signal on A's bell, and as the battery 
current is in the same direction as for " train on line," the 
miniature semaphores remain at dangecr->^ t 
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These instruments have also been adapted for use on single 
lines and at junctions. 

When used on single lines, a make and break switching 
arrangement is added, so that when A's instrument has its 



with ^, but at either of the other two indications it breaks 
with (f and makes with contact cock 5^. Therefore when any 
one of two or more instruments thus connected up is moved 
to 'Mine clear'* or " train on line/' the electro-magnet circuits 
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Fig. 13. 
indication showing anything else but '* line closed " the top 
miniature semaphore coils are short circuited and no current 
can energise them. The way in which this is done is easily 
followed on fig. 10. The normal position of spring q^ is 
to press against contact screw in q^. On the end of the 
contact arm (;* is a pin q of sufficient length to press down 
spring q^ and break connection with q^ when in the ** line 
closed ** position, and on the contact arm ^ being moved from 
the ** line closed " position, the spring rises and makes con- 
tact with ^*, and thus (the electrical connections being added 
as shown) it follows that the coils m* are short circuited 
when the spring is in its normal position, and free to be 
energised when the spring is pressed by the pin on the 
end of contact arm c^. Therefore when A has once given 
permission for B to send a train, and moved the contact 
arm ^, the miniature semaphore P^ (which leads the outdoor 
semaphore for trains to B) cannot be lowered by B until the 
train from B is out of the section, and the instrument put to 
** line closed." 

For use at junctions, the arrangement shown in figs. 1 1 to 
13 is provided. Fig. 12 shows the extra electrical connec- 
tions necessary for three sets of instruments in one signal 
cabin. The electro-magnets when energised attracts an 
armature s* and lifts a catch s* working in s* between the two 
catches s^ which are fixed to indicator plate 14, thus locking 
the indicator plate and preventing any rotary motion taking 
place. 

A similar make and break switching arrangement to that 
above described, fig. 10, is provided, with the addition 
of a bottom contact ^. This is also worked in the same 
manner by means of a pin q in contact arm ^. Thus when 
'' line closed '* is indicated, contact spring 5* is making contact 



Fig. II. 

of the other instruments will be complete, the armatures and 
catches of same will be raised, and the rotary motion will be 
locked and cannot be moved from ^* line closed '* tmtil the 
other instrument is put to the position ** line closed." 

Where junction and single line working are required 
together, the working is combined in the one switching 
arrangement as shown in fig. 13. The miniature semaphore 
coils w' are short circuited through the contact springs w a^^ 
which are insulated from the spring plate w , 



Railways and the Board of Trade.— I. 

The relations between the Board of Trade and British 
railways are extensive and peculiar. 

They are laid down in Acts of Parliament passed in 1840, 
1842, and 1845, but were confirmed and added to by the 
Regulation of Railways Act of 1871 (34 and 35 Vict., Ch. 78). 

By the Act of 1840 the Board of Trade were authorised to 
appoint any person to inspect any railway or to enquire inta 
the cause of any railway accident, but it was provided that no 
person so appointed shall exercise any powers of interference 
in the affairs of any company. 

The powers of such inspectors are defined as follows : — 

(i) He may enter and inspect any railway, and all the 
stations, works, buildings, offices, stock, plant, and machinery 
belonging thereto. 

(2) He may by summons under his hand require the 
attendance of any person who is engaged in the management, 
service, or employment of a company, and whom he thinks fit 
to call before him and examine for the said purpose, and may 
require answers or returns td such enquiries for the said 
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purpose as he thinks fit to make from such person or 
company. 

(3) He may require and enforce the production of all bocks, 
papers, and documents of a company which he considers 
important for the said purpose. 

From the foregoing it will be seen that the powers of a 
Board of Trade inspector are very extensive, although they 
are rarely, if ever, acted up to, and it is doubtful whether 
more than a few railway officers are aware of the extent of the 
authority with which railway inspectors are endowed. 

The original Acts only required new railways to be offered 
to the Board of Trade for inspection. By the Act of 1871 
tliese powers were extended to '* the opening of any additional 
" line of railway, deviation line, station, junction or crossing 
•• on the level, which forms a portion of, or is directly 
" connected with, a railway on which passengers are conveyed, 
" and has been constructed subsequently to the inspection of 
" such railway on behalf of the Board of Trade previous to the 
••original opening of such railway.*' 

From the above quotation it will be seen that only lines on 
which passengers are conveyed have to be inspected, and, 
therefore, lines used purely for goods and mineral traffic need 
not be offered for inspection. Neither need private railways 
be inspected, even though workmen and others are regularly 
carried free over them. 

It will be noted that not only must additional lines, 
junctions (which includes siding connections and cross-over 
roads), and crossings on the level (those similar to Newark, 
S & D crossing Darlington, &c.) must be offered, but all 
deviations of the line and any new stations, whether altera- 
tions are made in the main line or not. 

The Act (1871) does not, however, provide for any 
alterations in the petmanent way to be offered for inspection 
that do not cause an additional connection in the railway. 
But most railway companies do submit such cases, and 
therefore, make sure of complying with the law. 

The penalties for using a railway or new connection without 
having offered it to the Board of Trade for inspection is 
/"ao per day. 

The same Act (1871) also lays down the regulations as to 
reporting accidents to the Board of Trade. It provides that 
where in or about any railway or any of the works or build- 
ings connected with such railway, or any building or place, 
whether open or enclosed, occupied by the company working 
such railway, any of the following accidents take place in the 
course of working any railway : — 

(i) Any accident attended with loss of life or personal 
injury to any person whomsoever ; 

(2) Any collision where one of the trains is a passenger 
(rain; 

(3) Any passenger train or any part of a passenger train 
accidentally leaving the rails ; 

(4) Any accident of a kind not comprised in the foregoing 
descriptions, but which is of such a kind as to have caused 
or to be likely to cause loss of life or personal injury, and 
which may be specified in that behalf by any order to be 
made from time to time by the Board of Trade. 

The company working such railway, and also if the accident 
happen to a train belonging to any other company, such last- 
mentioned company shall send notice of such accident, and 
of the loss of life or personal injury (if any) occasioned 
thereby, to the Board of Trade. 



The notices are to be sent in such form and shall contain 
such particulars as the Board of Trade may from time to 
time direct and shall be sent by the earliest practicable post 
after the accident takes place. 

Powers are further given to the Board to require such 
notices to be sent by telegraph should they see fit to issue 
instructions to that effect. 

The penalties for failing to comply with these instructions 
as to accidents is a fine not exceeding twenty pounds. 

Board of Trade enquiries, by their inspectors, into such 
accidents as they considered fit had already been sanctioned 
by former legislation, but the Act of 1871 gave them further 
powers. 

One had relation to the appointment of an assessor to assist 
the inspector, and this section of the Act goes much further. 
It says : — 

(i) The Board of Trade may by the same or any 
subsequent order, appoint any person or persons possessing 
legal or special knowledge to assist an inspector in holding 
the same or may direct the county court judge, stipendiary 
magistrate, metropolitan police magistrate, or other person or 
persons named in the same or any subsequent order, to hold 
the same with the assistance of an inspector or any other 
assessor or assessors named in the order. 

(2) The persons holding any such formal investigation 
(hereinafter referred to as the court) shall hold the same in 
open court in such manner and under such conditions as 
they may think most effectual for ascertaining the causes and 
circumstances of the accident and enabling them to make the 
report in this section mentioned. 

(3) The court shall have for the purpose of such investi- 
gation all the powers of a court of summary jurisdiction when 
acting as a court in the exercise of its ordinary jurisdiction 
and all the powers of an inspector under this Act, and in 
addition the following powers, namely : — 

(a) They may enter and inspect any place or building, 
the entry or inspection whereof appears to them requisite for 
the said purpose. 

(h) They may by summons under their hands require the 
attendance of all such persons as they think fit to call before 
them and examine them for the said purpose, and may for 
such purpose require answers or returns to such enquiries as 
they think fit to make. 

(c) They may require and enforce the production of all 
books, papers and documents which they consider important 
for the said purpose. 

(d) They may administer an oath and require any person 
examined to make and sign a declaration of the truth of the 
statements made by him in his examination. 

(e) Every person so summoned, not being a person engaged 
in the management, service or employment of a company or 
otherwise connected with a company, shall be allowed such 
expenses as would be allowed to a witness attending on 
subpoena before a court of record ; and in case of dispute as to 
the amount to be allowed, the same shall be referred by the 
court to a master of one of the superior courts, who, on 
request under the hands of the members of the court, shall 
ascertain and certify the proper amount of such expenses. 

(4) The inspector making an enquiry into any accident, 
and the court holding an investigation of any accident, shall 
make a report to the Board of Trade stating the causes of the 
accident and all the circtimstances attendine^ the same, and 
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any observations thereon or on the evidence or on any 
matters arising out of the investigation which they think 
right to make to the Board of Trade, and the Board of Trade 
shall cause every such report to be made public in such 
manner as they think expedient. 

The same Act (1871) also provided for an important 
public service in reference to coroner's inquests on persons 
killed in railway accidents. 

It provides that, where in England a coroner is holding an 
inquest on the death of any person occasioned by an accident, 
the coroner, on written application to the Board of Trade, 
may have the assistance of an inspector or some person 
possessing legal or special knowledge appointed by the Board. 
The person so appointed shall act as assessor to the coroner 
and report to the Board of Trade. 

It is the Act of 187 1 which provides for annual statistics to 
be sent to the Board of Trade by the companies as to their 
capital, traffic and working expenditure. 

The Board of Trade comes into contact with railways in 
connection with the following matters : — 

1. Opening of new lines and alterations to existing 
railways. 

2. Accidents on railways. 

3. Continuous brake failures. 

4. Hours of duty of servants. 

5. Workmen's trains. 

6. Accidents to railway servants. 

7. Railway statistics. 

Inspection of New Works,— li is common knowledge that 
before a new line can be made parliamentary sanction has to 
be obtained. One of the preludes to this is the deposit of the 
parliamentary plans with certain governmental and local 
authorities, one of which is the Board of Trade. 

These are referred to the chief inspecting officer of railways, 
and one of his duties is to see that no public road level 
crossing is proposed. It is now practically impossible to get 
sanction for a public road to cross a line on the level, unless 
it be the case of a light railway. Nor will any additional 
lines of railway across a public road crossing be sanctioned. 
Where bridges or subways are proposed in lieu of level 
crossings, the Board of Trade see that the gradients proposed 
for approaching the same are not too severe. 

The question of level crossings is considered thus early, as 
were the matter to stand over until the line were constructed 
and objections raised then, it would lead to unnecessary 
expense. 

That ordeal and the subsequent parliamentary stages 
having been passed, the capital raised, and the construction 
proceeded with, the line approaches completion. 

A month before the line is to be opened notice has to be 
sent to the Board of Trade intimating the intention of the 
company to open such a line. 

Ten days before the date of opening a second notice must 
be given, which notice must be accompanied by the following 
documents : — 

I. Copies of the parliamentary plans and sections, with 
any deviations which may have been made during construe* 
tion marked thereon in red ; and with the corrections in the 
distances, levels, inclinations, sections of ground, and radii of 
curves, rendered necessary by such deviations, also marked 
in red. The positions of the several stations and the lengths 
and heights of the platforms must also be given. 



II. A table of gradients and level portions, with the 

positions of the stations distinctly shown. 

III. A table of curves and straight portions. 

IV. A table of cuttings and embankments. 

V. A table of all bridges, either under or over the railway. 

VI. A table of viaducts carrying the railway. 
VII. A table of all level crossings of public occupation, 

private and bridle roads, and footways. 
VIII. A table of tunnels. 

IX. A table of aqueducts and culverts 3 feet or more in 
diameter or width. 

The particulars II. to IX. must be supplied according to 
the prescribed forms (shown below). 

The situations of works, &c., should be described by refer- 
ence to the same fixed point ; and it will be convenient if the 
station nearest to the head-quarters of the company for a 
main line, or the junction with the main line for a branch 
railway, be adopted as such point of reference. 

X. Detailed information under the following heads : — 

15^. Permanent Way. — Whether the line be double or single, 
or partly double and partly single; the distances from the 
fixed point adopted in the forms II. to IX., at which the 
single portions, if any, commence and terminate — or, for a 
single line, at which the passing places or the sidings com- 
mence and terminate ; whether the land has been purchased 
for an additional line of rails, or whether any other arrange- 
ments have been made with a view to adding an additional 
line at a future period ; the width at formation level ; the 
gauge; the space between the lines and between the lines 
and sidings; the description, with a diagram section, of rails 
employed, their length and weight per yard ; the description 
and weight of chairs, where these are employed ; the mode of 
fixing chairs and securing rails; the fastenings adopted for 
the joints of rails ; the description of sleepers with their 
smallest and average scantling and length, their distance 
from centre to centre if transverse, and if longitudinal, the 
details of any ties by which they may be connected ; the 
nature of the ballast and its depth below the under surface 
of the sleepers ; the number and positions of all facing points 
connected with the main line ; and the names of the stations 
or other places at which engine turntables are provided. 

2nd. Fences, — Description of fencing adopted for the line, 
giving, in the case of post and rail fencing, the height of the 
top rail and the distance between posts, and in the case of wire 
fencing, the height, number of wires, distance between sup- 
ports, and means of straining. 

yd. Drainage, — General description of the drainage, and if 
on any part of the line it has been attended with peculiar 
difficulty, details should be given. 

4<A. Stations, — Their names and distances at the commence- 
ment and termination respectively from the fixed point ; the 
gradients on which they are situated and approached; the 
lengths of the platforms, and the positions of and distances 
between the home and distant signals. 

^th. Width of Line, — The minimum space allowed at and 
over a height of 2 feet 6 inches above the rail level, between 
the sides of the widest carriages to be used, and any fixed 
works, such as pillars and walls at stations, abutments, piers, 
supports, arches, girders, telegraph and signal posts, sheds, 
&c., along the line. The minimum section of each tunnel to 
be appended, showing within it a section of the widest 
carriage to be used on the line. 
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6M. Viaducts and Bridges,— DtAwiags in detail of all viaducts 
and bridges either over or under the railway, accompanied by 
sufficient information to enable the strength of each to be 
ascertained by calculation and showing by sections the 
distances between the girders and the sides of the widest 
carriages to be used on the line, when the girders are more 
than 2 feet 6 inches above the level of the rails. The weight 
of each main girder and the total weight of the superstructure 
(including ballast if used) of all girder spans to be stated on 
the plans. 

7/A. Diagrams of all Junction and Station Arrangements^ including 
Plans and Sections of ike Stations t Platforms^ Approaches, Sh:. — The 
foregoing particulars will be readily understood, and it only 
remains to be said that the information as to the signals, 
referred to in clause 4, is generally given in the shape of a 
signal diagram showing the signalling for each place. On 
the diagram is marked the positions of the signal boxes, 
signals, and points, also information as to the number of 
levers in the locking-frame and how they are utilized. 
(To be continued.) 



Recent Patents relating to Railways. 

These abridgments of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C, from whom copies of the specifications can be obtained 
at an uniforrp price of S^. each. 

Buffers. 27106. nth December, 1903. G. Turton, 
20, Montgomery Road, Sheffield. 

This invention relates to the conversion of dead buffers into 
spring buffers by the application of a spring buffer of special 
form. A portion c of the dead buffer is removed, and a buffer 
box or case d open on the lower side is bolted to the projecting 
end of the sole bar a, and to the headstock b. The plunger / 
has a shank and spindle formed integral with it, the latter 
beinfiT provided with an india-rubber or steel spring which 
bears against a washer on the spindle interposed between the 
spring and shank. The inner end of the spindle passes 



through the back of the case and the headstock ^, and is secured 
by a nut or cotter. It is necessary to cut away a portion of 
tne wood of the projecting end of the sole bar to make room 
for the spring. Other forms of the invention are shown, but 
it will be seen that in all cases the buffer case forms a stay or 
angle piece, binding and supporting the side frame projection 
with the end of the vehicle frame. (Accepted 2yth October , 1904*^ 

Central Bufier Coupling. 25991. 27th November, 
1903. A. Spencer, 77, Cannon Street, London. 
The buffer head is formed with a recess n, across which 
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extends a coupling pin 0, and is provided at one side of its flat 
outer face with flange like lugs 1 1 inclined outwardly, and at 
the other side with a similar lug v arranged to pass between 
the lugs t of an adjacent vehicle. A coupling device, consisting 
of two links or shackles / q connected by a screw r, engages 
the pins 0. After the two links or shackles have been engaged 
with the coupling pins, the screw is tightened' up by a bar 
inserted in one of the holes s' formed in an enlarged 
part s of the screw. An enlargement in the vertical 
recess n and buffer head facilitates the insertion of 
the operating bar, whilst holes y in the bottom of the 
recess serve the same purpose, and also for holding 
the bar against the screw to prevent its turning 
backwards accidentally. (Accepted 2gth Septeniber, 
1904.; 

Wheels. 26483. 3rd December, 1903. John 
Baker and Co., Limited, and G. Baker, Brinsworth 
Iron Works, Rotheiham. 

In the manufacture of wheels and wheel centres, an 
ingot, or a blank of iron or steel, or other suitable 
material prepared to a certain extent by rolling, 
pressing, or hammering, whilst in a heated condition 
is placed centrally on a lower die, a, pressure is 
applied to the main ram k, forcing an upper die «, on 
to and into the heated metal, causing the metal to 
spread in all directions, and to fill up the recesses 
c c^ in both dies, and such of the grooves, d d, as 
lie between them. Against that portion of the metal 
which spreads over the edge of the lower die, 
horizontal side dies, * *, are forced, pressing the 
metal against the edge of both upper and lower 
dies, and so forming part of the wheel rim. The 
pressure is then eased oh, the lower die partly 
rotated and re-set when the operation is repeateo. 
This is continued until the whole of the wheel 
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blank has been pressed or manipulated, or until the web or 
fin of metal between the spokes is sufficiently reduced. If 
necessary the wheel blank may be reheated during these 
operations. The resultant wheel has a web or fin of metal 
between the spokes which is now punched or otherwise cut 
out. If necessary, the wheel may be further pressed or 
staniped in dies in order to straighten and bring the spokes 




and inside of the rim up to the section required, and also to 
take off the sharp edges caused by the punch. During this 
last stamping or pressing process, the wheel is not necessarily 
enlarged in diameter. The hole for the axle may be punched 
during the forging operation, or it may be bored out 
afterwards. {Accepted 6th October, 1904.^ 

Couplings. 24281. 9th November, 1903. A. H. Darwin 
and H. Sharp, Stocksbridge Works, near Sheffield. 
This invention relates to central couplings of the type known 
as "Jones'* buffers, and to an arrangement for preventing the 
coupling turning about its shank. The buffing spring is 
provided with externally forged nibs or projections at both 
ends, the number of which may vary, those on the base fit 
into grooves in the spring cup in the usual manner, but those 
on the outer end of the spring fit into rectangular holes in a 
specially formed metal washer. This washer has a hole in 



r^2 



r^y 




the centre, through which the shank of the buffer passes close 
to the head, and it takes the place of the circular washer now 
generally in use, and has preferably at its highest point a 
rearwardl^ extending lug, a hole in which engages the nib 
or projection on the outer end of the spring, or a number of 
lugs and nibs may be employed. The washer has formed 
upon the outer side another lug upon which the underside of 
the head of the buffer can slide, but not turn round or twist. 
It is preferable to have this lug or guide on the underside, as 
in this position it least interferes with the other fittings. 
(Accepted i^th October, 1904.^ 

Ball Bearing Bogie Centres and Friction Blocks. 
2781 1. i8th December, 1903. The Hoffman Manufacturing 
Co., Ltd., King's Head Court, Beech Street, London, and 
Chelmsford, Essex, and W. B. Mair, Martin Villa, Baddow 
Road, Chelmsford. 

This invention relates to pivot and side bearers for bogie 
trucks, and consists in forming the bearers with a seating of 



spherical or similar shape, which will allow of the necessary 
tilting movement due to the swinging or twisting of the 
carriage when passing over inequalities in the levels of the 
track or round curves. In the case of the central or pivot 
bearer i a ring of balls 5 is arranged to take the weight or 
thrust of the carriage, and a further ring 6 to take the pull, 
the thrust balls 5 running in grooves 7 and 8 formed respec* 
tivelv in a " cone " portion 9 and a " cup *' portion 10, 
the latter having on its inner side a cylindrical surface xi 
between which and a groove 12 in the « cone '* 9, the journal 
balls 6 are inserted, their points of contact being at right 
angles to those of the thrust balls 5. The *' cup *' portion 10 
is retained in position in a casing 13 by set screws 14, and the 
*' cone " portion 9 seats on an internal spherical boss or 
part 15 which forms the pivot and is carried by the base 
piece 16 of the bearer. Or, as an alternative construction, 
the *' cone *' portion may be externally shaped to seat in an 
internal spherical shaped recess. In either construction 
the '' cone *' portion is free to rock between the part of the 
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bearing held by the frame of the carriage and the part con* 
taining the spherical boss held by the corresponding part of 
the bogie truck. The side bearers 2 consist of a track 21 
carried by the carriage or the like and a part 22 capable of 
rocking on trunnions or segmental seats 23, the rocking 
part 22 having formed in it a continuous channel 24 filled 
with a number of balls 25, the track 21, part 22, and 
channel 24, being formed on a curve struck from the centre or 
pivot bearing. The channel 24 is tilted at an angle whereby 
one portion of it is effective and one part non-effective. The 
effective part of the channel has grooved races, 26, 27, formed 
in parts 28, 29, carried respectively by the curved track 21 
and by the rocking part 22. With such a construction of 
side bearer the pressure is distributed on the movement of the 
carriage, the swinging movement of the bogie frame causing 
the balls 25 to travel out of the upper or effective part of the 
channel 24 into the lower or non-effective part, from whence 
they are returned again to the effective part. (Accepted 
October 20M, 1904.J 

Vacuum Brakes. 27349. 14th December, 1903. The 
Westinghouse Brake Co., Ltd.. and J. W, Cloud, 82, York 
Road, King^s Cross, London. 
In order to prevent the possibility of leakage taking place into 
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the reservoir chamber by way of the check valve, an auxiliary 
valvr, cock, or other positive stop is interposed between 
the train pipe side of the piston or diaphragm and the 
reservoir side. In one arrangement the ball valve chamber 8 
is cut off from the lower part 2 of the brake chamber by a 
partition 9 in which is provided a valve seat 10. With this 
valve seat a valve 11 co-operates, such valve being mounted 
upon a rod 12 with a spring 13 which tends to maintain the 
valve closed. 14 is a lever pivoted at 15 to the lower part of 
the brake chamber 2, and engaging at one end with the valve 
stem 12 through a collar 16, the other or inner end of said 
lever being operatively connected to the brake rod 4, the 
diaphragm plate 17 being employed in this instance as the 
means of operation. When air is admitted to the train pipe, 
the plate 17, which, during the time the brakes were released 
held down the inner end of lever 14, allows the lever 14 to rotate 




i*«»y C'V'f'fer Z73^^j 



under the action of spring 13, to close valve 11. Communi- 
cation between the upper and lower parts of the brake 
chamber is then positively interrupted and any leakage 
through the ball check valve 7, prevented. In a modihcation 
the auxiliary valve is located between the ball check valve 
7 and the upper chamber i of the brake cylinder and is con- 
stituted by a slide valve 18 provided with a port 19 and 
adapted to be moved to and fro on its seat 20 by means of 
a valve rod 2X. Connected by a pin and slot connection to 
the upper part of the brake rod 4 is an operating lever 22 
pivoted at 23 to the brake chamber, and connected also by a 
pin and slot connection 24 with the valve rod 21. (Acc^ied 
ilih October, 1904.^ 

Railway or Tramway Motor Car. 23442. 29th 
October, 1903. J. D. Roots, and The Roots Oil Motor and 
Motor Car, Limited, Chicheley Street, York Road, Lambeth, 
S.E. 

The frame is constructed with a view to lightness, a channel 
steel section being used for the whole of the outside of the 
frame. Channel section is also used to carry the buffers of a 
much lighter pattern than usual. A lighter channel section 
is used for the cross members of the frame parallel with the 
axles. Stay rods on channel steel supports are used to 
prevent sag in the middle of the frame. As few holes as 
possible are made in the lower or horizontal web of the main 
frame channel, or solebar. The scroll irons, horn plates and 
other parts are bolted to additional side channels which carry 
the buffers. The buffers are of a very light pattern provided 
with coiled springs, and attached to the ends of the additional 
channels which are carried down below the engine cross 
channels and continued along the car at each end below and 
parallel with the outside frame and are bolted to the cross 
pieces. One central or almost central channel member 
connects the two nearest cross channels at each end. Where 
cross channels are not employed, ash joists are carried across 
the frame, and the floor of the car is bolted to the ash cross 
pieces as also to the cross channels. To the cross channels 
at one end the engines of six cylinders are bolted. The 
•cylinders are preferably arranged with the crankshaft length- 
wise with the car, and the side twin cylinder engine drives 
the shaft of the 4-cylindered engine parallel with it by means 
of a chain and chain wheels through the intermediary of a 
friction clutch. One fly wheel only is required for the four 
cylinders, and this ma^ be placed in the centre. The friction 
clutch for the main dnve is placed between the gear box and 
the four cylindered engine with a universal jomt between the 
•cljitch and the gear box to permit of a slight bending of 



the frame. In this way the engine or pair of cylinders may 
be disconnected and started and run or stopped independently 
of the four cylinders. The bevel wheel at the end of this 
shaft is within the gear box and is preferably always in gear 
with two other bevel gear wheels both of which are free on 
the shaft and which are operated by a jaw clutch sliding 
between them on a square part of the shaft. On either side 
of the two bevel gear wheels is a sleeve each carrying two 
driving pinions, which sleeves are connected together by a 
rod, and slide together from one side of the box to the other 
to change the four speeds. From the lower and slower of 
the two shafts on one end of gear box a sprocket wheel is 
fitted driving a chain connected to the chain wheel on the 
main or driving axle of the car, or the large chain wheel may 
be bolted to one wheel of the pair of car driving wheels. 
Four bearings are provided on each shaft. A cab or covered 
space is provided for the driver at each end of the car. A 
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lever to reverse by change of the bevel gear, a lever for 
operating the change speed gear, and a brake lever, are fitted 
at both ends of the car. The first movement of the brake 
lever takes off the clutch. The continuance of the movement 
puts on the brake. The four rods for operating: i, the 
reverse; 2, the change speed; 3, the brakes, and 4 the clutch 
on the side engine, are all carried from end to end of the car. 
Instead of the usual pattern of railway or tramway axle box, 
a phosphor bronze casting somewhat similar to those used on 
road vehicle axles is employed, but this is stationary and 
is bolced to the springs. This axle box is also provided with 
square slots within which the horn plates fit, and upon which 
it may slide up and down with the movement of the springs. 
The horn plate side stays are preferably of angle section to 
prevent their bending to side strains. As in this case the 
axle rotates, the oil grooves are cut in the stationary phosphor 
bronze axle box. (Accepted 20th October ^ 
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Air Brakes. 26459. 3rd December, 1903. The ^British 
Thomson- Houston Co., Ltd., 83, Cannon Street, London (a 
communication from the General Electric Co. of Schenectady, 
New York, U.S.A.). 

According to this invention the reduction of brake-shoe 
pressure to avoid sliding of the wheels when making a stop is 
made directly dependent upon the friction between the brake- 
shoes and the wheels. The valve-casing 10 of an exhaust 
controlling valve is provided with an inlet or supply port 13 
and exhaust ports 14, 15, and a slide valve 16 which normally 
closes the inlet port 13. The stem 17 of the slide valve is 
movably secured at its lower end by means of pins 18 and 19 
to the lower horizontal portion of a Z-sLaped lever 20 
pivotally secured near its upper end at the point 21 to a 
casting 22, which is bolted to the vertical portion of the cross- 
bar II in proximity to the valve-casing 10. This Z-shaped 
lever together with the downwardly-extending links 23 and 24 
pivotally secured to its upper and inner end connect the valve 
piston and the brake-shoe, the lower end of the links 23, 24, 
being secured to the brake-shoe head 25. A stirrup 29 is 
secured to the cross-bar 1 1 directly beneath the valve-casing 
10 and serves both as a guide for the lower horizontal portion 
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of the lever 20 and as a casing for coiled springs 30, 31, which 
bear upon opposite sides of this portion of the fever 20 and 
normally maintain it and the valve 16 in a central position. 
Suitable stops 32 on the inner walls of the stirrup hmit the 
movements of the lever 20. The supply port 13 of the valve- 
casing 10 is in direct communication through a flexible con- 
nection 33 with a pressure-retaining valve 34 and the latter 
is connected in turn by a pipe 35 with the upper end of the 
brake cylinder 36. When making a stop, as soon as the 
speed of the train decreases by reason of the brake action, 
the friction between the shoe 26 and its wheel will increase, 
and when it has increased sufficiently to drag the shoe in the 
direction of rotation of the wheel, in opposition to the restrain- 
ing action of the springs 30 and 31, the valve 16 will uncover 
the inlet port and establish communication between it and 
one of the exhaust ports, 14, 15, according to the direction of 
rotation of the wheel, and air will then escape from the brake- 
cylinder and thereby through the agency of the brake-rigging 
correspondingly reduce the brake-shoe pressure. As soon as 
this brake-shoe pressure falls off so that the friction between 
the brake-shoe and its wheel is insufficient to pull the brake- 
shoe around in opposition to the springs 30 and 31, the parts 
will be returned to normal position through the action of the 
springs and inlet port 13 of the controlling- valve closed. 



Upon further reductions in the speed of the train, the same 
operation of the parts will be repeated intermittently ontil 
the pressure in the brake-cylinder has fallen off sufficiently to 
allow the retaining valve 34 to cut off communication between 
the brake-cylinder and the controlling-valve and thereby 
render the controlling-valve inoperative. The retaining 
valve should be adjusted so as to bring this about when the 
pressure in the brake-cylinder has fallen sufficiently to render 
further reductions unnecessary. (Acc$ptid 20th October, 1904.^ 

Indicator for Points, Signals, &c. 16894. 2nd August, 
1904. Siemens Bros. & Co., Ltd., 12, Queen Anne's Gate, 
Westminster, and L. M. G. Ferreira, Lyncroft Gardens, 
Ealing. 

Relates to electrical apparatus for indicating at a distance the 
position of signals, points, or other gear. A switch, mechani* 
cally operated by the point or signal, controls an electric 
circuit, in which is concluded an electro-magnet arranged to 
operate a disc or other indicator. In one arrangement with a 
double metallic circuit and earth return, one end of the 
solenoid a is electrically connected with one of a pair of 
insulated switch contacts c c^ and the other end with one of 
a similar pair of switch contacts d d^ the other members of 
each pair of contacts being connected with each other and 
with earth. The switch contact arm e is arranged to be moved 
through suitable linkage by the signal or point.s which in 




working occupies one of two positions so as to connect either 
the contacts c c^ or the contacts d d^ according to the position 
of the gear. When the former are connected a current passes 
through the part a^ of the coil a, and when the contacts i d^ are 
connected, a current passes through the part a* of the coil a. 
A soft iron core /is suitablv suspended as by links g from the 
frame of the solenoid, so that when there is no current in the 
solenoid it hangs centrally therein. According as a current 
passes through the part a\ or the part a* of the solenoid, the 
core /is displaced longitudinally in one direction or the other 
to a definite position in either case, and the indicator disc 
or flag A, which is linked to the solenoid core j^^ and may 
consist of an extension of one of the supporting links g 
balanced by a suitable counterpoise ^, is brought to occupy 
one of two corresponding positions. In the arrangement of 
fig. 2, the core / is polarized either by being made of 
permanently magnetised steel or as shown ui the diagram, by 
means of an auxiliary coil i and auxiliary bat 
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battery b being in this case placed at the switch end of the 
circuit and having one pole connected with one of the switch 
contacts c c^ and the other pole connected with one of the 
contacts d cT, the other members of the two pairs of contacts 
being connected vrith each other and through line to one end 
of the solenoid coil a. The other end ot the solenoid a and an 
intermediate point of the main battery b are connected with 
earth. According as the switch arm i is moved to connect 
the contacts c c^, or the contacts d d^ one pole or other of the 
battery b is connected with line and the polarized core / is 
attracted or repelled in one direction or the other according to 
the polarity of the line current. In the form of switch 
illustrated, four sets of spring contacts are shown, the second 
two sets being for the purpose of operating a second indicator 
electro-magnet or other apparatus as desired. The switch arm 
e is mounted on the spindle / in such manner that while it is 
constrained to rotate it is free to slide along the spindle and 
also to tilt) and this flexibility of mounting ensures good 
connection between the switch arm ends e^ ^ and the sets of 
contacts with which they may be simultaneously in engage- 
ment. (Accepted 2gth September j 1904J 

SPECIFICATIONS PUBLISHED. 

1903- 

19022. Cars for single rail elevated railways ; Behr. 22551. Electric 
motors and controlling; devices for use in the electrical propulsion of 
vehicles or trains of vehicles ; Ra worth. 22757. Label holders for 
wagons : Farr and Blower. 22758. Voltage regulated electric system for 
lighting carriages, ventilating, heating, &c. ; Dalziel. 22914. Emergency 
brakes; Carolan (General Electric Co.). 23442. Railway or tramway 
motor car; Roots and Roots (Oil Motor and Motor Car, Ltd ) 23471. 
Train tablets or staffs and crossing permit}^; Higley (Higley). 24281. 
Couplings; Darwin and Sharp. 24739. Rails; Haidfield. 24746. Rails 
for tramways and railways ; Winterburn. 24796. Motor controllers and 
emergency brakes for railway and tramway vehicles ; British Thomson- 
Houston Co.. Ltd. (General Electric Co.). 25281. Points and crossings; 
Hadfield. 25362. Brake apparatus; Johnson. 25410. Couplings for 
colliery trams or corves ; Charles. 25498. Fastenings for wagon doors ; 
Evans. 25527. Electric train control systems ; British Thomson- 
Houston Co., Ltd ^General Electric Co.). 25718. Door fastening 
apparatus; MacdonaJd. 25856. Air brake systems; British Thomson- 
Houston Co., Ltd. (General Electric Co.). 25991. Central buffer and 
draw gear apparatus ; Spencer. 26438. Simultaneously locking or 
unlocking carriage doors in trains ; Armitage and Senior. 26459. Brakes ; 
British Thomson- Houston Co.. Ltd. (General Electric Co.). 26463. Air 
brakes; British Thomson-Houston Co., Ltd. (General Electric Co.). 
26483. Manufacture of wheels and wheel centres; John Baker & Co. 
(Rotherham). Ltd., and Baker. 26721. Speed and mileage recorders for 
tram cars ; Hartley and Canova. 26752. Joints for tramway rails ; 
Trippett. 269x6 Means for advertising on and indicating the routes of 
electric tramcars and other electric vehicles ; Walkden. 27040. Apparatus 
for twisting rails ; Whale. 27106. Buffers for the conversion of dead 
buffer vehicles ; Turton. 27349. Vacuum brakes ; Westinghouse Brake 
Co..Ltd.»and Cloud. 27811. Pivot and side bearers for bogie trucks; 
Hoffman Manufacturing Co., Ltd., and Mair. 27813. Automatic fluid 
pressure brake apparatus; Westinghouse Brake Co., Ltd.. and Cloud. 
-27844, Preventing jambing of movable tongues in tramway points; 
Cooley. 



1904. 

III. Hinges for carriage doors; Goodman. 1637. Apparatus for 
stopping engines and trains independently of the drivers ; Privat. 2899. 
Electrical signalling systems; Struble. 5398. Rail joint shoes and 
clamps; Anderson. 8745. Trolley pulleys of electric tramcars; Binns. 
9340. Means for carrying overhead trolley wires; Morris. 9586. 
Signalling apparatus; Lake (Hall Signal Co.). 10153. Railway systenas 
and means for handling passenger traffic ; Wellman. 10276. Electric 
block signalling systems; Silvene. 13719- Rails; Allendorph. 14060. 
Conductor and collector devices for electric railways and tramways; 
Boezano. 15264. Life guards for tramcars ; Bowker. 15381. Airbrakes; 
Howorth (Compagnie Internationale de Freinage, System Luyers, Soc. 
Anon.). 16021. Chair keys; Colquhoun. 16894. Apparatus for electrically 
indicating the position of signals, ()oints, &c. ; Siemens Bros. & Co., Ltd.. 
and Ferreira. 17046 Electric traction system; Marshall. 171 12. 
Apparatus for regulating the action of air brakes; Siemens & Halske 
Akt-Ges. 17281. Valves for air brakes; Allison (Levy). 17567. 
Couplings; Fried Krupp Akt-Ges. 18 130. Device for lubricating rails; 
Fallnicht. 18136. Kail joint ; Fetzer and Czaykowski. 18141. Electric 
block systems; Robinson. 18265. Railway cars; Sullivan & Renshaw. 
18344. Apparatus for producing air pressure and vacuum for operating 
brakes ; Edwards (Waggon und Maschinfabrk, A. G. vorm Busch). 18418. 
Car couplings ; Tomlinson. 18656. Fixing tyres to wheel centres ; Stapf. 
18949 Safety guard for conductors of dectric railways; Sale. 19245- 
Automatic signals for electric railways or tramways ; VVilson & Marshall. 
194 zo. Dumping cars; Peiler. 19465. Crossings of tramways ; Kombst. 
19581. Bogie frames for rolling stock ; Schuler. 



Steam Motor Carriages^' : Great Western 
Railway. 

In our issue for December, 1903, we published a description 
of the first of the Steam Motor Carriages which Mr. G. J. 
Churchward, M.Inst.C.E., designed and built at the company's 
works at Swindon tor the Great Western R. The success in 
traffic of these vehicles was so great, that since that time a 
considerable number of them have been built to the annexed 
drawings, which, by Mr. Churchward*s courtesy, we are able 
to publish herewith. And several other railway companies, 
while modifying the arrangement of the carriage body to suit 
their own local traffic requirements, have more or less 
completely imitated the engine, boiler, bogies, underhrame, 
and method of suspension, in fact all the salient features of the 
design. 

The boiler, of which we give a detail drawing, rests directly 
on the top of the side frames of the engine bogie by means of 
angle-iron brackets riveted to the shell. It is fitted with 
477 tubes ij ins. diam., and which give a heating surface of 
625*58 sq. ft., the fire-box produces 4675 sq. ft., making a 

• For drawings of the Taff Vale R. steam motor carriages, see the 
Railway Engineer for November, T904. 
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Boiler. Steam Motor Carriage, Great Western Railway. 
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Official Reports on Recent Accidents. 

NMr CARDIFF Station, G.W.R., on the i^th July, Lt-CoL 
P, G. von Donopy /?.£., reports : — 

That a TafF Vale R. passenger train — ii vehicles — from 
Cardiff to Penarth» ran into, at a speed of about lo miles an 
hour, the end of a Barry R. mineral train of 42 wagons, 
standing on the up Riverside line foul of the junction : 7 pas- 
sengers complained of injury : the brake van and rear wagon 
were wrecked. 

The up and down Riverside lines are on the south side of 
the main lines and almost parallel to them. About 250 yards 
to the west of Cardiff Station and on the north side of the 
nr.ain lines there is a signal-box known as the Penarth 
Junction signal-box. Opposite this box the space between 
the main lines and the Riverside lines is about 40 feet in 
width, and here is situated ^ double junction between these 
two sets of lines ; the points and signals of this double 
junction are worked from the Junction signal-box, and the 
facing connections are on the down main and up Riverside 
lines respectively. The facing connection on the up 
Riverside line is situated 160 yards to the west of the 
Junction signal-box, and the up home signals for the 
Riverside line protecting this connection are situated a few 
yards west of the points. There is also on the Riverside lines 
a short distance to the east of the double junction a cross- 
over road, the points and signals of which are also worked 
from the junction signal-box. The next signal-box in the 
down direction on the Riverside branch is the Penarth Curve 
Middle box, situated about 480 yards to the west of the 
Junction signal-box. Near this signal-box there are sidings 
on the north side of the Riverside lines, and at a short 
distance to the east of the box there is a trailing connection 
on the up Riverside lines leading from those sidings. There 
is also on the west side of this box a second cross-over road 
between the up and down Riverside lines. 

The B. R. special mineral train had been marshalled on 
the sidings near the Middle Junction signal-box, and it was 
due to go away to Penarth on the down Riverside line. It 
was drawn out of the sidings on to the up Riverside line and 
stopped between the Middle Junction and the Junction signal- 
boxes in order to allow the engine to run round it. The brake 
van was next the engine, and the guard had, consequently, to 
ride on the buffer of the rear wagon, which cannot be 
regarded as either a safe or satisfactory arrangement. 

This train had been duly offered to and accepted by signal- 
man Johns, who was on duty in the Junction signal-box, and 
he had lowered for it the Riverside line up home signal. 
Driver Heard, who was in charge of the engine of the mineral 
train, accordingly ran a short distance past that signal. His 
engine was then uncoupled by number-taker Ridd, and under 
Ridd's directions Heard ran his engine round his train by 
means of the cross over roads and the down line. Meanwhile 
the train was left standing on the up Riverside line, with its 
leading vehicle, which was the brake van, foul of the double 
junction, and with no light on its leading end. 

As soon as signalman Johns received intimation from the 
Middle box that the engine was clear of the down line he 
oflfered the signalman in that box the Taff Vale down 
passenger train, which was then standing in Cardiff Station, 
and which was due to run to Penarth on the down Riverside 
line. It was at once accepted, and Johns lowered the signals 
for it to run through the connection leading from the down 
main line to the down Riverside line. It did so and came 
into collision with the brake van. 

There appears to have been no necessity for signalman 

iohns to have allowed the mineral train to have run past the 
Riverside line up home signal and to have thus fouled the 
double junction. His explanation is that he thought he 
might save time thereby, and this might possibly have been 
the case. It was clearly incumbent on him, before allowing 
the junction to be made use of, to have ascertained whether 
the mineral train was clear of it. He did not, however, take 
any steps in the matter [^ft^tiiSOK)^^^ granted that the 



34 



The Railway Engineer. 



January, 1905. 



junction was clear. The night appears to have been dark 
and there were certainly no lights on the van, but the latter 
was not more there 136 yards from the signal-box, and there 
was a yard lamp 27 yards from the van. Johns must be held 
largely responsible for this accident. 

The shunting, though it took place on lines belonging to the 
Great Western R. Co., was, except as regards the signalmen, 
carried out entirely by the servants of.the Barry R. Co., and this 
stated to have been the usual custom at this spot with similar is 
operations for some years past. The B. R. Co. appears to 
have acquiesced in this arrangement, and, though on this 
occasion the G. W. R. foreman shunter was close at hand 
whilst the shunting was being carried out, no application Was 
made to him for any assistance. 

Number-taker Ridd took entire charge of the shunting 
movement, and that with loaded trains it is customary for him 
to do so. He uncoupled the engine and gave the driver 
instructions to move forward to the cross-over road, and he 
accompanied the engine until it reached the rear end of the 
train. These movements Ridd carried out without receiving 
any signals or instructions from the guard. Ridd admits that 
he left the front of the train standing foul of the junction, but 
he did not consider that there was any harm in doing so ; he 
also admits that he knew that he was leaving the train 
standing there with no light of any sort on its leading end, but 
he considered that that was a matter which it was the guard's 
duty to see after, and he himself took no steps in the matter. 
It seems strange to find a number-taker taking charge of a 
shunting movement, and from the way in which Ridd carried 
it out it seems doubtful whether he was qualified for the 
work. 

Guard Mogford remained at the rear end of the train 
awaiting the arrival there of the engine. He states that he con- 
sidered that he was in charge of the shunting movement, and, 
as there was only a number-taker to assist him, it was his duty 
to have taken charge of it. But, beyond attempting to give 
the driver a signal to stop Mogford did not take any further 
part in carrying it out. He certainly looked after the 
protection of the rear of the train, but for the safety of the 
front of it and for the provision of a light on it he depended 
entirely on Ridd, though he admits that he had never 
previously known a light to be provided by a number- taker. 

It seems strange that neither the driver nor the fireman of 
the Taflf Vale train should have seen anything of the brake-van 
of the mineral train before actually coming into contact with it. 
Driver King's view was interrupted by the front of his engine, 
but there appears to be no excuse for fireman Hall, who was 
on the right side. 



At East Linton Station, N. B. R., on the 12th September. 
Major /. W, Pringle reports that : — 

A. goods train standing in a siding was run into by the 
2.8 p.m. down express from Berwick, consisting of 4-coupled 
bogie engine, tender, eight 8- wheeled and two 6- wheeled 
vehicles, fitted throughout with the Westinghouse automatic 
brake on 72 out of the 76 coach wheels. 

Through East Linton Station the line is double, the 
southern rails are used for down traffic. 

The station signal cabin is on the north side of the railway, 
adjoining the west end of the up platform. Immediately m 
front of it there are facing points leading to a down loop 
siding, and which are fitted with all the necessary safety 
requirements, viz., lock, locking bar, and detectors. 

There is the usual interlocking in the signal lever frame, 
by which neither of the two levers, actuating respectively the 
down home and down starting signals, can be pulled 
over, unless the down loop facing points lever is in its normal 
position, i,e.y back in the frame, and the facing points have 
been locked for the down main line by drawing over the 
locking lever. The actual length of rodding between the 
facing point lever and the connecting rod of the points is 



30 ft. 10 ins. The rodding is of wrought iron, channel 
section, if" by ij" by J", weighing 9 lbs. per yard, 
carried by three bell cranks and one traversing cast steel 
roller, at intervals varying from 4 ft. 5 in. to 7 ft. 8 ins. 

At 2.56 p.m. the down goods train was placed in the down 
loop sidmg. At 3.7 p.m. the down express was oSered to, and 
accepted by, signalman Gillies. At 3.1 1 p.m. he received the 
" Entering section " signal for the express from Beltingford, 
about 3^ miles to the east of East Linton. 

Gillies then attempted to lower the down line signals for 
the express by working his levers, but succeeded in drawing 
off only the outer and inner advance starting signals. He 
could not pull over the levers working the down starting and 
down home signals, and the down distant signal consequently 
also remained at danger. 

He went out of his cabin, crossed the line, and endeavoured, 
by an examination of the down starting signal attachments, 
and afterwards of the interlocking under the floor of the 
signal cabin, to discover why the levers working the two 
named signals were immovable. He failed to discover the 
reason, and asserts that he then returned to the cabin, 
replaced the lever working the lock on the facing points lever, 
and then for a second time worked the lock bar lever. He 
then again tried to lower the starting and home signals, but 
again failed. He was now persuaded that there was no 
reason why he should not be able to lower his signals, and 
accordingly went out of his cabin, again crossed the two 
pairs of lines, and lifted the counterweight arm of the start- 
ing signal. The semaphore arm was thus lowered to 
" safety," and Gillies pinned or wedged it in this position. 
He then instructed surfaceman Alexander to run to the east 
end of the down platform, and lower the down home signal 
arm, by lifting the counterweight. Alexander succeeded in 
doing this, after having first, by mistake, worked the disc 
signal, instead of the home signal semaphore. 

In the meantime the express had passed the distant signal 
and found it at danger, and had been brought almost to a 
standstill about 120 yards to the east of the station. Bell, 
the driver of the express, whistled for the home signal and 
seeing it lowered, as above described, gave his engine steam 
and passed the home and starting signals. The speed of the 
train had increased to about 20 miles an hour when the 
express entered the siding, and the collision occurred. 

Having regard to the position of the points, the short 
length of rodding between the cabin and the points, and the 
fact that the points were immediately after the collision 
found to be undamaged and in working order, and were 
reversed by signalman Gillies himself in the ordinary way, 
no explanation will justify the assertion that the position of 
the point lever was at variance with that of the points. 

Gillies failed to examine the position of the facing points, 
though he twice passed within a few feet of them m broad 
daylight. He thereby broke Rule 60 (a). He did not 
immediately report to the station-master or agent, in accord- 
ance with the Rule 57, that the signalling apparatus was not 
in order. He must have come to the conclusion, either that 
the interlocking of the lever-frame was out of order, or that 
the signals had become defective, and should therefore have 
acted in accordance with Rules 73 (a), (&), (c), and obtained 
the services of a hand signalman, instead of doing so, he 
took upon himself the responsibility of lowering signals in an 
illegal manner, and thus set at nought all the rules and inter- 
locking arrangements devised for the safety of traffic. 

Gillies has been employed for two years as signalman, and 
had been over 9 hours on duty. He bears a good character, 
but there is no excuse for such a wholesale disregard of rules 
and safety appliances. 

That the collision was only a slight one is due to the fact 
that the distant signal was kept at danger by the interlocking, 
and was too far away (980 yds.) to be tampered with, and 
also to the promptness with which driver Bell of the express 
train recognized his position and appUed his brakes, and who 
is to be commended for his alertness and promptitude of 
action. 
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In our last issue we mentioned that as a result of 
Mr. Robertson's report upon the Indian railways, the Secretary 
of State for India bad decided to appoint a Board of Super- 
vision, consisting of a Chairman and two members. And we 
also mentioned that Mr. F. R. Upcott, C.S.I., and 
Mr. T. R. Wynne, C.S.I., had been appointed members of it, 
the former to be Chairman. We are now informed that 
Mr* Walter H« Wood, general manager of the Hull, 
Bamsley, and W. R. Junction R., has accepted the third seat. 

Mr. Wood was formerly goods manager, and succeeded 
Mr. Vincent Hill in 1901. The appointment is for five years, 
and the salary ;^3,ooo per annum. The position was, we under- 
stand, offered to and declined by Mr. John Davies, general 
manager of the Midland and South Western Junction R. 

Mr* R. Anderson, C.M.G., who as chief engineer superin- 
tended the construction of the Uganda R. in East Africa, has 
been appointed Chief Engineer for Construction of the Argen- 
tine Great Western R., and is now on his way to Mendoza. 

Mr. John Guirey, Belfast, has been appointed one of the 
Auditors of the Donegal R. in succession to Mr. Walter Bailey, 
now chief accountant of the Midland R. 

Mr. H. G. Lewin, assistant district superintendent at 
Sundezland, North Eastern R., has been appointed District 
Superintendent at York. 

Mr. John Elliott, assistant (out-door) superintendent of 
the line Midland R., has been appointed Superintendent of 
the Line in succession to Mr. T. Eaton, who has retired. 

Mr. John Robinson, chief clerk goods manager's o£Bce 



Glasgow and South Western R., has been appointed CUef 
Goods Manager in succession to Mr. Henry Evans, who, 
as noted in our last issue, has been appointed Chief Goods 
Manager of the Midland R. 

Mr. Joseph Carter has been appointed Secretary of the 
Metropolitan District R., in succession to Mr. Wm. Jones, 
who has retired. 

Mr. Henry Bell has been elected Chairman of the Buenos 
Ayres Western R., in succession to Mr. Hy. G. Anderson, 
who has retired from the Board. 

The Rt. Hon. Lord George Hamilton, M.P., and Mr. 
J. Clifton Robinson have been elected Directors of the 
Underground Electric Railways Co. of London. 

The Rt. Hon. J, L. Wharton, M.P., has been elected 
Deputy Chairman of the North Eastern R., in succession to 
the late Sir I. Lothian Bell, Bart. 

Mr. J. Morris, superintendent of the line Great Western 
R., Mr. W. J. Grinling, chief traffic manager Great 
Northern R., and Mr. T. Eaton, late superintendent of the 
line Midland R., have had the Order of Padroeira do Reino 
conferred upon them by the King of Portugal, in recognition 
of the excellent travelling arrangements in connection with 
his recent visit to this country. 

Mr. H. G. Drury, late superintendent of the line Great 
Eastern R., has had the Royal Victorian Order (4th Class) 
conferred upon him by the King, in recognition of the services 
rendered in connection with the Royal journeys. 

Mr. F. G. Randall, station-master at Liverpool Street, 
and Mr. H. J. Prytherch, chief clerk of the claims depart- 
ment Great Eastern R., have been appointed Chief Assistants 
to the superintendent of the line for the out-door and in-door 
departments respectively. 

Mr. Jas. C. Inglis, general manager of the Great Western 
R., has been nominated as one of the representatives of the 
Institution of Civil Engineers on the Engineering Standards 
Committee in the place of the late Mr. J. A. McDonald, 
engineer-in-chief of the Midland R. 

With great regret we record the death of Mr. Alexander 
McDonnell, formerly locomotive superintendent of the 
Great Southern and Western R. of Ireland, and also of the 
' R^rth Eastern R. He died quite unexpectedly in December 
last. He was on his way to Ireland when he was taken ill at 
Rugby ; he proceeded as far as Holyhead, where a few hours 
afterwards he expired, mourned and esteemed by all who 
knew him. He was 75 years of age. 



Rating Appeals by the Great Northern Railway. 
Mr. a. J. Brickwell, surveyor to the Great Northern R., is 
to be congratulated upon the successful results of his crusade 
against unjust assessments of his company's property. We 
recently drew attention to one of his victories, and we now 
have to record another, \4z., that against the Assessment 
Committee of the Hunslet (Leeds) Union, who recently raised 
the assessment of the company's property in Middleton from 
if3,737 to /3,ioo, in respect of 2 m. 17 ch. of the main line to 
Leeds and the Hunslet and Tingley branches. The West 
Riding Justices at the Quarter Sessions at Leeds reduced the 
assessment to /'i»4i4 and ordered the Committee to pay the 
costs, which for some reason or other in rating cases are 
simply terrifying. 

The above case should have an encouraging and stimulating 
effect not only on Mr. Brickwell, but on all other railway 

surveyors. r^r\r\r^]f^ 
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Cost and Performance of Locomotives in West 

Australia. 
Thb official cost of working the principal classes of locomo- 
tives on the West Australian Government Railways for 
twelve 4-weekly periods, from ist July, 1902, to 31st May, 
1903, and from ist June, 1903, to ist May, 1904, is shown in 
the following table : — 



British railway rates might justifiably be higher than those 
on State-aided railway systems. 

** The confession may frankly be made that there would, 
** in effect, be no cause for surprise if comparisons between 
** British and foreign railway rates should be to the disad* 
" vantage of the former. No element has been lacking to 
*« render British railways among the most expensive to con- 
« struct and maintain of any in the world. The companies 
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The cost prices of the engines (above referred to) delivered 
in the Colony are shown in the table below : — 



Description. 
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£ 
2,010 
2,322 
3.267 
1.500 
5.188 
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5.998 
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2,556 
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2,951 
2.978 
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2.520 
2,705 
z,ooo 

2,750 
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1883-1894 
1884-1899 

Z902 

1884 

1902 

1901 
X902-1903 
1889-1899 
1889-1890 

1892 
1893-1898 

1891 
No record 

1896-1901 
X896-1898 

1896 
1896-1897 
1897-1899 
1888-1892 
1888-1890 

190^ 



British Railway Rates v. Foreign. 

To a recent issue of the Monthly Review Mr. Edwio A. Pratt 

contributed a particularly able and concise reply, so far as it 

concerns railways, to the article in the same Review for 

October last, entitled " How Englishmen are Destroying 

England," by Mr. F. S. Tatham, Member of the Natal 

Parliament. 

Mr. Pratt clearly proves that Mr. Tatham has compared 
<* unlikes '* with the usual result that befalls those who do so. 
Moreover, Mr. Tatham does not appear to be quite familiar 
with the thorny subject of Railway Rates, and his inferences 
and statements suffer accordingly. But Mr. Pratt, in the 
telling sentences quoted below, gives many reasons why 



'* had to pay the most exorbitant sums for the land on which 
*' their lines were constructed ; they have been forced to 
'* organise their systems from almost the first with a per£ec* 
** tion to which the American railways especially are now 
" only just attaining; they have been subjected to a control 
*' more severe, and more costly, than the railways of any 
" other country ; they have to bear the burden of local taxa- 
*' tion to such an extent that they are now paying four and a 
'' half millions sterling per annum under this head, individual 
" companies having to contribute 60, 70, or 80 per cent, of 
" the local rates in many parishes where they have not even 
" a railway station ; thejr have been compelled, when building 
" new termini, or widening their lines in order to meet the 
" public convenience, to provide — ostensibly for the persons 
*' unhoused, in reality for an altogether superior type of 
« people— dwelUngs of which the rental has been fixed by 
** the Home Office at sums that did not even cover expenses; 
" and they have had to assume the rdU of philanthropic 
** institutions in running workmen's trains at fares leavmg 
" little or no margin for profit." 

We do not think we ever saw the case more admirably pat 
in so few words, and we commend them to the careful 
consideration of our railway ** experts " and critics. 

Automatic Stokers for Locomotives. 

Mr. Wm. Forsyth at the International Engineering 
Congress stated, says the American Engineer and Railroad 
Journal, that the necessity for an automatic stoker for the 
large locomotive, either passenger or freight, is quite 
generally recognised, and the requirements have been met in 
a very satisfactory manner by at least one form of stoker. 
It is strange, therefore, that a stoker which has been upon 
the market for several years, and which works so succes.<;ftilly, 
does not become regularly adopted by the railroads, which 
seem to need some such appliance to assist the fireman in his 
arduous work. The testimony as to the success of this 
device is the mbst convincing of any relating to locomotive 
improvements (containing such radical changes in methods 
of operation) which have been introduced in many years. 
The reports of the laboratory tests at Purdue show it to have 
given a very satisfactory performance. The testimony of 
motive power men who have had quite a number of stokers 
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in ase is entirely fovourable to the devicCt and the opinion of 
the superintendent of our largest locomotive works is that the 
stoker is the coming de\*ice. 

Cost of Carriages in West Australia. 
During the year ended 30th June last the West Australian 
Government imported from the Gloucester Carriage and 
Wagon Co. nine 2nd class corridor bogie cars, having an 
average seating capacity for 48 passengers. Their average 
tare was 28 tons 15 cwt. and their average cost on traffic 
;f 3,79a. Gauge of railways 3 ft. 6 ins. 



*' Too many Signala/' 

Tub publication of Major Pringle*s report"^ upon the collision 
which occurred at St. Enoch's Station, Glasgow, on 17th 
September last, has excited considerable interest in the daily 
papers, some of which waxed quite eloquent on the subject 
of •* Too many Signals." 

The signalling of St. Enoch's Station and neighbourhood 
was fully described and illustrated in the Railway Engineer for 
September, 1902, and, as was then pointed out, it provides for 
every possible running and shunting movement : in short, St. 
Enoch's is the most completely-signalled station in the coun- 
try. The installation was inspected by Col. Yorke, who, we 
understand, complimented the Glasgow and South Western 
R. Ca and the W. R. Sykes Signal and Interlocking Co. (the 
contractors) on the work, and therefore this report of Major 
Pringle deserves more than usual attention. 

In order to reduce the amount of interlocking, and also to 
detect the switches and "hold the road," route-levers are 
provided for each road and each road has also its own signals. 
For instance, on a signal bridge outside the station there are 
splitting running signals from No. i road for going on to the 
up loop or on to the up Canal line, also two shunting signals 
leading to the same roads. No. i middle road has two 
shunting signals, whilst No. 2 road has two running and two 
shunting signals. These signals it must be observed are in 
advance of the splitting points and consequently their meaning 
is not quite clear. The signals are, however, necessary, and 
whilst it is unfortunate that they are fixed in advance of the 
points, yet they " hold the road," and were they fixed in the 
rear oi the switches the confusion would be greater. In the 
evidence two drivers said they had found difficulty in reading 
the shunt signals, and the signalman at the station box said : 
^^ I have heard enginemen talking, both previous and subse- 
*■ quent to the collision, about the difficulty of reading the 
^ shunting signals on the bridge out of No. i, No. i middle, 
'' and No. 2 roads. They have asked me to explain them, 
*' and seemed to understand. This has been on more than 
** one occasion. They did not see why there were so many 
*' signals applicable to one road, and said that the signals 
" told them where they had come from, instead of where they 
•• were going to. They seemed satisfied after an explanation." 



* Major Prhigle*8 Report will be fbtrad on page 62 of this issue. 



On the occasion of the accident a driver on the loop thought 
he had been crossed on to the up Canal line, and seeing the 
home signal for that line at Clyde Junction ofi he proceeded, 
"be was, however, still on the loop line and his signal was at 
danger ; the Canal signal was off for a passenger train, which 
he collided with at the junction of the two lines. 

In justice to the driver it should be noted that the printed 
instructions as to the signals at St. Enoch's station only state 
where the shunting signals are from, and not where they lead 
to, and Major Pringle remarks that in this respect the 
instructions are incomplete and require amplification. The 
inspecting officer, however, draws attention to the fact that 
the proper signal for the driver was on his left, whereas the 
signal he mistook was on his right. 

The most important parts of the report are the two last 
paragraphs, the first of which reads : '< It is highly desirable^ 
'' both from the point of view of safety and for traffic pur- 
" poses, that signalling in a large terminus should be as 
'^ complete as possible. At the same time there is a danger 
** to be guarded against, namely, confusion, owing to a multi* 
" plicity of signals." 

Does the Major consider there are too many signals at 
St. Enoch's ? If so he should plainly say so, and the matter 
could then be discussed. If, however, he is not of that 
opinion (and one is forced to that conclusion by the evidence 
and by the silence of the inspecting officer, excepting this one 
observation), then it is to be regretted that he took this 
opportunity for volunteering this platitude. 

The other important paragraph reads as follows: ''The 
evidence in this case points, I think, to the necessity for 
adopting some method of ensuring that enginemen, especially 
those who are only occasionally called upon to work in a 
large terminus, are thoroughly conversant with the working 
arrangements and signalling. It does not appear to be 
sufficient to issue printed signalling instructions." We cannot, 
however, see what is to be done unless engine drivers apply 
for a pilot. It is a difficult subject, and that is probably 
why no suggestion for solving the difficulty is offered. 

One point Major Pringle omitted to deal with, and that is, 
how it was that the light engine approached Clyde Junction 
when the signalman there says he had not accepted it from 
the station box, and it is only on turning to the diagram given 
in the Railway Engineer for September, 1902, already referred 
to, that it is clear how this came about. It appears that the 
home signals for Clyde Junction are slotted from the station 
box, and act as starting signals for that cabin, and therefore 
the man at the latter place was allowed to permit the light 
engine to draw forward. This is often done at other places, 
but it seems to us to be a breach of absolute block working, 
and one that the Board of Trade might reasonably be expected 
to take notice of. Such slotting is often necessary where 
only a short distance exists between signal boxes, and one is 
closed at times, as by controlling the home signal of the box 
that is closed from the box ia the rear, the open section is 
lengthened and traffic movements facilitated. Quite possibly 
such slotting is necessary at St. Enoch's to control shunting 
movements, but such facilities should not be abused, espe- 
cially when risks as those exposed by the collision under 
notice are run, and we commend the facts to the Rule Book 
Committee of Clearing House and the Boardof Trade. 
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Brierley's Improved Fog-Signalling Apparatus. 

Hecbnt railway accidents, more or less directly attributable 
to fog, have again accentuated the necessity for some addi- 
tional signalling appliance such as the one devised by Mr. 



position by two springs coiled in opposite directions, fig. 6, 
and also by a balance weight. These springs also absorb 
the energy of the impact when the trigger strikes, and pre- 
vent the mechanism being btoken. They also allow the 




Wynford Brierley, and with which during the last few years 
trials have been successfully made on the Great Northern R, 
Some time ago* we drew attention to Mr. Brierley*s 
apparatus, which has lately been improved and simplified 
by dispensing with its electrical portions. Its cost has thereby 
been reduced, and the views of railway engineers, both at 




home and abroad, who had expressed a preference for a 
purely mechanical device, have been met. 

Mr. Brierley claims to have designed an appliance the 
mechanism of which will continue to sustain the repeated 
blows due to the contact between the trigger on the engine, 
moving at express speed, and the stationary part of the 
apparatus fixed on the track ; and which is practically without 
intermediate frictional gear between the striking trigger and 
the bell or other signalling appliance; and of which the 
stationary part will not be broken or displaced should it be 
struck by anything rigid on a train. 

The mechanism is illustrated by the annexed drawings. 
Figs. I to 7 show the road apparatus, which consists of a 
shaft passing under the rails, and to which are fixed by means 
of pins arms the normal position of which is vertical. These 
arms are on the outside of each rail to allow for engines 
travelling either end first.* Another arm is mounted on the 
shaft, and to this the signal wire is attached, so that the 
contact arms would be "pulled off" simultaneously with 
the signal arm. The shaft is maintained in its normal 

* See Railway Engimtr, July, 1899. 



arms to give way before an3rthing rigid, and subsequently 

return them to the normal position. In order that the shaft 

may turn without straining the signal 

wire, the key way in the boss of the 

operating lever is cut away, as shown in 

fig-5- 

The apparatus fixed to the engine, 
fig. 8, consists of a trigger hung on a shaft 
and controlled in a central position by 
similar reversed coiled springs to those 
above mentioned. On the shaft is also 
mounted a cam, which, when the trigger 
has struck the contact arm, oscillates 
under the lower end of a vertical spindle 
(provided with a friction roller), the 
upper end of which operates the hammer 
of a gong. Of course, if preferred, the 
gong may be placed on the cab, as on 
the Gre^t Northern engine, which has 
been fitted. But it is suggested that the 
step would form a convenient point of 
F>K «• attachment. 

We have on more than one occasion pointed otit the limits 
of usefulness of such appliances as the one described. 



The Diamond Stair Tread. 

In appearance this tread is very similar, as regards con- 
struction, to the lead strip treads. It consists of a rolled 
strip of steel having dove-tailed grooves above ^" wide filled 
^ith a composition cf special cement and carbon crystals. 
The grooves holding the composition are divided by V shaped 
furrows about f " wide. 

The carbon crystals, with which the cement is combinedt 
are of the hardest known abrasive substance, except the 
diamond. It easily cuts glass or hardened steel, and is 
successfully used for polishing diamonds. 

The cement that combines the carbon crystals is 
practically artificial stone, and headstones and monuments 
made of this cement have been standing for over 12 years 
exposed to the atmospheric conditions without showing the 
least particle of decay in any respect. ..This- when combined 
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with the carbon crystals, creates a tread which is so much harder 
than steel that the steel foundation channels are protected, but 
eventually wear away faster than the tread, and, therefore, 
leave the tread constantly exposed to do its work. 

In those treads made of lead strips these conditions are 
reversed ; the lead is so much softer than the steel channels 
that it wears away faster, and leaves the channels exposed to 
take the wear and become polished and slippery. 

The diamond tread is impervious to water or fire. It is 
absolutely non-absorbent, and consequently can contain no 
water to freeze or cause slipping in extremely cold weather. 

Any heat arising from fires in buildings will in no way affect 
it, so that it retains its non-slipping surface under any and 
all conditions until completely worn out. 

This tread is, we consider, a great advance on anything of 
the kind which has hitherto been introduced and should 
commend itself to railway engineers and carriage and tram 
car builders. It is manufactured by the Diamond Tread Co. 
in London, for whom Messrs. Knowles & Wollaston, 26, 
Victoria Street, London, S.W., are the sole selling agents 
and who will be pleased to furnish any other information that 
may be desired. 



Boardite Wheels. 



We have on more than one occasion previously referred to 
the " Boardite ** wheels, the features of which are that they 
are made in a very short time by unskilled labour, mainly out 
of a waste product, viz., sawdust, and are formed by one 
operation, without any joints, into the tyre and round the 
boss without the aid of any other tools except an hydraulic 
press capable of exerting pressure of about 500 tons. 



We understand that several railway companies are trying 
these wheels. 

The Boardite Co. has recently introduced a platform truck 
wheel with a convex tyre filled with " Boardite," the object 
of which is to do away with two objectionable features which 
flat iron wheels have, viz., the cutting of the platform flags 
or boards, and the noise they make. 

These wheels have already attracted considerable attention 
from railway companies, and as they have a tread on the 
platform of only about f in. and even at 14 in. diameter will 
bear a weight of 2 tons, there should be a large field for 
their use. For tramway work " Boardite ** wheels with mild 
steel tyres have, we are informed, proved to be far superior to 
chilled wheels, and for heavy motor vehicles requiring wheels 
of great strength and durability *^ Boardite " wheels should be 
very suitable. 



Books, Papers, and Pamphlets. 

Received. 

Moditn Engines and Power Generators ; a practical work on prime movers^ 
and the transmission of power, steam, electric, water, and hot air. 
By Rankin Kennedy, C.E. With 289 illustrations. Vol. IV. 
London : The Caxton Publishinfi^ Company, 84-86, Chancery 
Lane, W.C. [216 pp. ; 10^ ins. x j% ins. ; cloth, price 95. net."] 

Railway Brakes, By Stephenson Y. Knight. M.S.W.Inst.E. Published 
bv the Author. 1904. [51 pp.; 9^ ins. x 6^ ins., and 3 folding 
plates ; price 45.] 

British Standard Specification for Portland Cement. Report issued by the 
Engineering Standards Committee, Leslie S. Robertson. M.Inst.C.E.. 
Secretary. London : Crosby. Lockwood & Son, 7, Stationers' Hall 
Court. E.C. December, 1904. [Price 2J. 6d. net.] 

Motors and Motoring. By Henry J. Spoonbr, C.E., Professor of engineering 
and Principal lecturer in Mechanical Science at the Polytechnic. 
London. Illustrated. London: T. C. & E. C. Jack, 34, Henrietta 
Street, W.C, and Edinburgh. 1905. [102 pp. ; 6% x 4^ ins. ; 
price II.] 



We have had an opportunity of seeing some of these wheels 
made for a foreign railway, and we understand that when they 
were put on to the balancing machine they were found to be 
dead true and required no balancing plates whatever. 

We illustrate herewith the new standard boss which has 
recently been patented by the Boardite Co., Ltd., and v/hich, 
it will be noticed, has four projections cast on the flange, so 
that when the ** Boardite" is pressed home over them and 
bolted up it is impossible for the boss to slip. 



Express Passenger Engine: Midland Great 
Western Railway of Ireland. 

In our issue for November, 1903, we illustrated the express 
engine " Celtic/' which was the first to be built of the class 
designed by Mr. £. Cusack, locomotive engineer, to whom 
we are indebted for the annexed drawings. This class of 
engine is used for hauling the heavy mail and express trains 
of the Midland Great Western R. between Dublin and 
Broadstone. The •' Celtic ** was built at the company's 
works at Broadstone, Dublin, and is the heaviest engine ever 
built in Ireland. The engines are economical, and have given 
every satisfaction in service. The principal dimensions are 
shown on the drawings and the main particulars are : — 

Cylinders 18 ins. diam. x 26 ins. stroke. 

Coupled wheels 6 ft. 3 ins. diarr.. ; centre to centre 9 ft. 3 ins. 

Bogie wheels 3 ft. 6 ins. diam. ; centre to centre 5 ft. 6 ins. 

Boiler barrel 4 ft. 10 ins. x 11 ft. long. 

Working pressure 175 lbs. for sq. inch. 

235 tubes if ins. diam. 

Heating surface i,363sq. ft., of which the tubes provide 1,213. 

Grate area 20 sq. ft. 

Distribution of weight is : on the bogie 16 tons 15 cwt. ; on 
the driving axle, 18 tons i cwt. ; on the trailing wheels 16 tons 
2 cwt., total 50 tons 18 cwt. 

Weight of tender 35 tons 16 cwt. 

The gauge of the railway is 5 ft. 3 ms^ 
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Economy in Skew Bridges. 

When a railway bridge has to be built over a road or 
waterway which crosses the line of railway at a sharp angle, 
a great saving of material may often be effected by adopting 
a type of construction suited to the circumstances. 



As an instance of this, the plan is given of a bridge in the 
North of England, the span of which is 29' 5* on the skew 
and 12' on the square. 

The bridge carries two lines of rails, and consists of two face 
girders, a centre girder, and cross girders. 

The centre girder might well have been dispensed with, the 
cross girders now bearing on it being carried right through 
from one abutment to the other. The calculations given 
bdow show that there would have been no need to increase 
the section of the cross girders if this arrangement had been 
carried out, and as no more load would have come on the 
face girders, the weight of material in the centre girder might 
have been saved. 

The track being laid on large longitudinal timbers, the 
moving load may be taken as uniformly distributed, and for 
a heavy engine, equivalent to two tons per foot run on each 
road. 

The calculation of the stress produced in the cross girder 
marked A, by this load, follows : — 

Span (between main girder webs) ss 12 ft. 

Depth between centres of gravity of flanges t=5 0*85 ft. 

Net area of bottom flange (two) 3^" x 3^'' X i" angles 
— two y holes = 5*6 sq. ins. 

Dead load on cross girder = *9 tons. 

Moving load on each rail 4 ft. x 2 tons h- 2 = 4 tons. 

Maximum stress per sq. in. in bottom flange : — 

•9 T X 4 ft. X 8 tt. 4 T X 4 ft. X 8 ft. 

2 X 12 ft. X '85 ft. X 5-6sq. in. "*" 12 ft. x -85 ft. x 5-6 sq. in. 
4 T X 9 ft. X 3 ft. 



4 ft. 



= 3-3 tons. 



9 ft. ^ 12 ft. X -85 ft. X 5*6sq.m. 
If the centre girder were removed and the cross girders 
carried through, the girder marked B would sustain the 
greatest stress, the latter being calculated as follows : — 
Span between abutments = 13 ft. 
Depth between centre? of gravity of flanges = 0'85 ft. 
Net area of bottom flange (two) 3^' X 3^" x i" angles 

— two y holes = 5*6 sq. ins. 
Dead load on one cross girder i ton. 
Moving load on each rail 4 ft. x 2 tons 4- 2 = 4 tons. 
Maximum stress per sq. in. bottom flange : — 

I T X 5 ft. X 8 ft. 4 T X 5 ft. X 8 ft. 

2 X 13 ft X '85 ft. X 56 sq. in. "^ 



5ft 



4 T X II ft. X 2 ft. 



13ft. x-85ft. X 5-6sq.in. 



+ II IT. ^ 13 ft. X 85 ft. X 5-6sq.in. = 3-6 tons. 
Even this small excess of stress would scarcely ever be 
produced, as it requires the maximum load to be on both 
roads at the same time. 



From the weights of the girderwork it is interesting to 
determine what percentage of material might have been 
saved. 

Weight of two face girders = 4 tons. 
„ „ centre girder = 3-5 ,, 
„ „ cross girders = 5-4 „ Total 12*9 tons. 

Percentage of total in centre girder 

35 T -^ 12*9 T X 100 = 27% 

It is a question when a bridge is so much on the skew 
whether it is not more economical to build the girders across 
the opening instead of along the rails. There are many 
bridges built on this principle, but they appear to be mostly 
over rivers and canals. Such a bridge, which is really a 
short tunnel, would make a roadway inconveniently dark, or 
it may be that whereas a road can be adjusted to prevent a 
very sharp crossing with a railway, the deviation of a water- 
way is a more expensive process. Hence bridges of large 
skew are more common over rivers and canals than over 
roads and footpaths. 

In the case already referred to an estimate of the quantity 
of ironwork, which would be required to build a bridge with 
girders normal to the abutments, can easily be arrived at. 
The span on the square is 12 ft., the same as the span 
of the existing cross girders. Hence, girders of the same 
section as the cross girders, namely 12" x i" webs and 
flanges each formed of (two) 3^" x 34" x i" angles, and 
spaced 4 ft. centre to centre in the direction of the rails, 
would be strained to approximately the same extent as the 
girders in the existing bridge, and a fair comparison thus 
made. 

The length of these girders may be taken as 16 ft. and the 
width of a squaie bridge 86 ft. ; 4 ft. measured in the direc- 
tion of the rails is equivalent to 3' 6" measured along the 
abutments, hence the number of girders required will be 
86 -T- 35 4 I == 25. 

Taking the weight of the girders as described above at 
60 lbs. per ft., the total weight of girderwork for a square 
bridge would be 25 x 16 ft. x 60 lbs. -r- 2,250 = 107 tons. 

Thus, comparing the three types of construction — 

Weight of skew bridge with middle girder = 12-9 tons. 
„ „ „ „ without „ „ ■= 9-4 „ 
„ „ square bridge = 107 „ 

On considerations of economy these figures would give the 
first place to a skew bridge without a middle girder. It 
would be hardly fair to give the second place to a square 
bridge, as against the saving of ironwork must be placed the 
cost of the necessary extension of the abutments. 



West Australian Government Railways : 1903-4. 

The Annual report of the Railway Commissioner, Mr. Wm. 
J. George, upon the working of the West Australian 
Government Railways during the year ended 30th June last, 
states that the length of the main lines open for traffic was 
1,541 m. 27 chs. and of the sidings 213 m. 5 chs. During the 
year 23 m. 43 chs. were opened for traffic at an additional 
capital dost of ;^46,92i. 

The Upper Darling Range Branch was purchased by the 
Government under Clause 37 of the Agreement regarding the 
construction of the line, made in 1891 between the Govern- 
ment and the late Mr. E. V. H. Keane, the price payable 
being ;^i,ooo per mile. The general condition of the line 
when taken over was extremely bad: banks and cuttings 
narrow, accommodation and water supply insufficient, and 
appliances for safe working almost entirely lacking. To 
remedy these defects it was estimated that an expenditure of 
;f 14,000 would be required. During the year over /8,ooo 
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was expended in work necessary to bring the line towards 
a proper standard of efficiency, and still further sums are 
being and will have to be spent in this direction. The effect 
of opening this line has been to divert from the Eastern 
Railway and the Smith's Mill branq)) traffic which could have 
been worked more pro5tably on those lines. The main 
traffic (timber), has practically ceased owing to the area being 
cut out, and the consequent closing of the Canning Jarrah 
saw mills. 

It has been inadvisable to use the Collie-Collie Boulder 
Extension for through passenger traffic, owing to extensive 
undermining near .Collie. Except for coal traffic, and a few 
local passengers, it is practically of little value to the 
Department for revenue purposes. An expenditure by the 
Department of, approximately, ;^i,ooo is being undertaken 
to nil up the workings under the line in such a manner as to 
render the surface free from danger of subsidence. The coal 
traffic is unprofitable, as the Department is practically the 
sole customer of these mines, and all the coal required by the 
Department could have been obtained from mines at Collie, 
and so saved the capital expenditure and the cost of working. 
The Malcolm-Laverton extension (about 64 m. long^ under 
construction by the Public Works Department will be nanded 
over to the Railway Department early in 1905. 
Financial results of the working were : — £ 

Working expenses ... ... ..• 1,179,624 

Interest on loan capital ... ... ... 277,181 

Interest on capital from other sources ... I9f495 



Total 



Net credit balance 

Receipts 

Total receipts ... 
Results of Working for Year compared with them of 



Total amount debited on Cap. Ace. 

Average number of miles worked 

Cost per average mile worked ... 

Total amount debited for interest 

Gross earnings 

Working expenses 

Surplus over working expenses ... 

Surplus over working exps. and int. 

Working expenses to earnings .. 

Surplus to capital 

Earnings per average mile worked 

Working expenses per average mile 

Net return per average mile worked 

Train miles run 

Earning per train mile 

Working expenses per train mile .. 

Net return per train mile 

Passenger journeys 

Pajring goods tonnage 

Depart, goods tonnage (non-paying) 

Live stock tonnage 

Total tonnage, goods and live stock 

Coaching revenue 

Goods revenue(including live stock) 

Miscellaneous te venue 

Miles open for traffic (main line)... 

Locomotives 

Passenger vehicles 

Brake vans 

Goods vehicles 

Equivalent of goods vehicles in 
four-wheel wagons 

Total number of persons employed 
on 30th June 

Average number of persons em- 
ployed during whole year, ex- 
clusive of casual hands 



ir8,955.929 
1.535 

;^296,676 

;f 1 ,588,084 
;^1, 179,624 

;^4o8,46o 

74-28 % 
4-56% 
;^i.034 

4..?94.234 

82*96<^. 

6vb2d. 

21-34/;. 

10,225,976 

2,032.740 

224,494 

24.530 

2,281,764 

^462,455 

/"i .026,734 

;f 98,895 

1. 541 

329 

269 

127 

5*632 

7.551 

6,747 



5,616 



+ 
+ 
+ 

+ 

+ 



1,476,300 
111,784 

1,588,084 

^^8,955.929 

previous Year, 

Difference. 
+ ;f 814, 147 

•f- lOI 

/156 
/21.951 

^34.599 
£68.249 

/"io2,848 

;f 80.897 

6-05 % 

•81 % 

A9 
£102 

£53 
17,081 
2' lid. 

3-33^- 

5*44//. 

1,119,580 

259.103 

51,182 

3.148 

313.433 
£25.223 

^42.857 

ir33.48i 

25 

13 

5 

H 
51 



+ 
+ 
+ 



+ 
+ 

+ 

+ 



+ 
+ 



63 
506 



The result of working was most gratifying and resulted in 
the largest return of profit on record since the Government 
has owned railways. 

The increased average mileage worked throughout the year 
was loi miles. 

The earnings increased ^^34,599, and expenses decreased 
;^68,249, a total of ;^i02,848 difference. 

The Capital figures have been calculated as nearly as 
possible with the information available. The matter is, how- 
ever, not in a satisfactory position. A thorough investigation 
into the whole account is in progress. Information and 
records are disconnected, meagre, and in some instances 
apparently unobtainable. The object of investigation has 
been and will be to arrive at the details of expenditure and to 
reconcile the amounts so obtained with those contained in 
published Treasury Statement. 

The gross earnings and working expenses were ; — 



Expenditure-- 


547.^68 


£ 


% 


% 


Loco., Carriage and Wagon 


— 40.454 


34-50 - 


- 337 


Rebuildiog and Replacing 










obsolete Rolling Stock . . 


33.787 


— 20.699 


ai« 


- 1-39 


Permanent Way 


236.089 


-f 4."9 


1487 - 


— o-o6 


Traffic and Jetty 


306998 


- 5.366 


«9-33 - 


-0-78 


Compensation 


3.940 


- 868 


o-aj ■ 


— p-o6 


Electrical (including Tele- 

phones and LightT 
Signalling and interlocking 










22.487 


— 4.544 


1-42 ■ 


— o-3« 


5.854 


- 693 


0-37 


- o-«e 


Generally 


22.601 


+ 256 
— 68,249 


1-48 - 

74-28 • 


— 002 


Total i" 


.179.624 


-6-<a 


• 






■^■■r 


•^B^ 


Receipts — 




£ 




£ 


Passengers 


..• 


398^7 


+ 


17.3+5 


Parcel, Horses, Carriages, &c. 


64.388 


+ 


7,878 


Cloak Room 




2,691 


— 


83 


Mails 




19.340 


+ 


9.669 


Goods and Minerals ... 




996,175 


+ 


42.744 


Live stock 




30.559 


+ 


III 

22,448 


Wharfage and Jetty Dues 


• •• 


40.315 




Rents 




18,861 


+ 


3,694 


Miscellaneous 




17.788 




24.313 




Total 


1,588,084 


+ 


34.599 


Train Miles 


... 


4.594.«34 


— 


17.081 



The decrease in working expenses is the result of cartsful 
economy in all branches, and also of the use on the heavy 
road, completed in i^02-i903, of the heavy tvpe of locomo- 
tive introduced by the late chief mechanical eogineeri Mr. 
T. F. Rotheram. Notwithstanding the increased average 
mileage in operation, and the increased volume of business 
in every direction, train mileage has been decreased 17,081 
miles. To this fact the general decrease in all branches may 
be attributed. The decrease 0^20,699) in re-building rolling 
stock due to the completion, prior to ist July, 1903, of an 
expenditurie of ;^56,28o undertaken to spread over the years 
ending 30th June, 190a and 1903, in equal proportions. This 
was incurrecffor the purpose of bringing up to standard i>399 
old and crippled wagons, which required re-building or 
repairing beyond ordinary maintenance. 

Revenue shows satisfactory increases under practically all 
headings. The decrease fiom wharfage (^22,448) is due to 
the fact of the Harbour Trust having controlled tne wharves 
at Fremantle during the whole year, whereas in the previous 
year th^ controlled them only during the second half of the 
year. The decrease in miscellaneous items is due to an 
improved method of classifying revenue which has been 
adopted. It is worthy of note, for comparison with former 
years, that expenditure has had to bear the following: — 
Extra pay to station-masters, officers in charge, and night 
officers. Extra pay under Industrial Agreement relating to 
Traffic Wages Staff, and others of the Way and Works, 
Electrical, and Interlocking Branches. Overtime payments 
to Loco. Running Staff under Industrial Agreement. The 
operation of the Eight Hour Day to practically all grades. 
Heavier maintenance charges on permanent way. 

The most noticeable increases for 1903-190^ 
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traffic are in ores, slimes, and tailings^ 183,740 toos, as com- 
pared with 73,41 1 tons in 1903-X903; f^rain totalling 93t396 
tons, as compared with 57,849 tons; potatoes 18,14^ tons, as 
compared with 10,319 tons; and locally grown timoer, plus 
8,8x5 tons '^ On Service,'* totalling 419,698 tons, as compared 
with 328,1^0 tons. On the other hand there are considerable 
decreases in dairy produce, 8i973 tons, as compared with 
151580 tons, and ** all other goods not classified above,** 
195,963 tons, as compared with 248,130 tons. All material 
required in connection with new works of addition and 
improvement to the working railway system is now carried 
entirely free of freight* 

All particulars in which the cost of working the several 
sections of the systems has been separately concerned are 
omitted in this Report. The reason for this important change 
is that the only means by which such expenditure has been 
arrived at was on the basis of the expenditure per train mile ; 
that is to say, if the total expenditure of the Department for 
the year, divided by the total train mileage run, showed a 
cost of (say) 55. per train mile, and of that total train mileage 
1,000,000 train miles had been nm on (say) Eastern Gold-' 
fields Railway, then the cost of working the Eastern Gold- 
fields Railway was said to be ;^a50,ooo. ^ It appeared that to 
publish statements of sectional expenditure based on such 
a rough and ready method was entirely misleading for any 
purpose of accurately considering results. In the case taken 
ror example — the Eastern Goldfields Railway — no account 
was taken of the payment of the goldfields allowances to 
ev«ry employee east of Yerbillon, averaging /20 per man per 
annum, nor was any debit made for the extra cost of fuel and 
other stores by hamage to Kalgoorlie or other distant dep6ts, 
nor for the cost of water, which is extremely heavy on this 
section as compared with districts nearer the coast. These 
charges, which are quite peculiar to this particular section, 
were merged into the witole expenditure, and, therefore, in 
the tables showing sectional expenditure, not only was the 
expenditure of this particular section shown as being lower 
than it should be, but the cost of other sections was really 
increased by reason of the average expenditure per train mile 
throughout all lines (including the peculiar items of expen- 
diture above referred to) t)eing taken as the basis of calcu- 
lation of expenditure. Locomotive coal mileage, which is 
treated as unproductive mileage and not included in train 
mileage, presents another phase of the question. The South 
Western Railway, for instance, carries not onW its own coal, 
but also coal for the Eastern and Eastern Goldfields Rail- 
ways as well, and the Eastern Railway carries coal for the 
Eastern Goldfields Railway as well as its own. But the 
debit made by taking the train mileage basis is exactly the 
same for coal used at Collie station as it is for coal used at 
Leonora. Water trains are similarly treated as unproductive 
mileage, and are not included when the average expenditure 
per train mUe is arrived at ; consequently no debit is made 
for the haulage of water, of which, in efiect, by far the largest 
portion is incurred between Kalgoorlie and Leonora. 

The question of accurately arriving at sectional expen- 
diture, in fact, bristles with difficulties, but one thing appears 
to stand out prominently, and that is that, so far as the 
railways of this State are concerned, the train mileage basis 
is unreliable and misleading for such a calculation. 

A considerable expenditure will he necessary for buildmg 
a new station and yard at Fremantle, but it will be impossible 
to commence active operations in connection therewith until 
after the complete removal of the old loco, workshops. If, 
however, it is the intention to proceed with the work, 
provision should be made for the expenditure of about 
;^40,ooo during the current year, and a further ^'40,000 during 
1905- 1906. 

Provision for a permanent supply of water for use at 
Midland Junction, and improvements to the passenger and 
goods accommodation at that station, are required ; provision 
also for fencing through settled districts — of which a 
considerable amount was done last year — and further 
duplication of lines requires to be made at the earliest possible 
moment. 



A contract has been made for the first extensive construction 
of rolling stock in the State, s^n order for 18 passenger 
carriages, to be built at North Fremantle at a cost of ;^57,ooo, 
having been placed with the Westralia Ironworks, Ltd. The 
first coach is to be delivered in January, 1905. 

It is proposed also to buikl at the Midland Junction 
Workshops 500 four-wheel wagons, using local timber of 
proved value for the frames, and strengthening and using 
material on hand. The cost is expected to amount approxi- 
mately to ;f 36.000. 

Having decided that the accountancy work for the whole 
department should be placed under one head, ».^., under the 
chief accountant, the accounts of the way and works, and 
chief mechanical engineer's branches, which mainly included 
the checking and the preparadon of the pa3rsheets, wages 
abstracts, shop and expenditure accounts, and maintenance of 
stafi" records were taken over by that officer during the year. 

The general result has been satisfactory, and as time goes 
on and the officers become better accustomed to the practice, 
better results will follow, but until suitable office accommo- 
dation is provided the effect of the work must be more or less 
discounted. 

The further concentration of similar work now performed 
by the traffic and stores branches will be taken in hand as 
soon as conditions are favourable. 

The benefit derived from the work done, and which enables 
the vacuum brake to be applied throughout on a large per- 
centage of trains, is already very marked. The work proposed 
will largely increase the brake power by enabling the vacuum 
brake to be applied to 750 trucks, which are now equipped 
with hand brakes only. It will also complete the fitting of all 
vehicles with the train pipes, and thus enable the vacuum 
brake to be used on all trains without heavy expense in 
marshalling, &c. 

Barracks for accommodation of trainmen have been built 
at Merredin. Karalee, and Brunswick Junction. These 
barracks have been constructed of portable cabins placed on a 
flooring of old sleepers, and the whole establishment covered 
with a second roof. The circulation of air, combined with 
the shade, afford the maximum degree of coolness possible 
which is so necessary for those whose duties necessitate their 
sleeping during the day. At the same time the whole 
establishment can be readily and economically removed in 
the event of alteration in the time-table rendering removal 
desirable. 

The question of price debited the Railway Department in 
respect of water at Kalgoorlie has "been the subject^ of 
negotiation throughout the year, though so far without result. 
The Railway Department claim that th.e price charged by the 
Goldfields Water Supply Administration— 6s. yl. per 1,000 
gallons — ^is excessive, and that it should at least be placed on 
the same footing as the mines, which pay 55. per 1,000 gallons 
only. As a customer for nearly 70,000,000 gallons, the 
Railway Department should, in my opinion, be placed on as 
favourable terms as are conceded to other large customers. 
The difference represents upwards of ;^4,ooo per annum. 

Another question regarding water supplies has reached an 
acute stage during the year, namely, the supply of water 
conserved in railway dams to the public for domestic and 
commercial purposes, irrespective of railway requirements. 
The expense and loss which has been caused by interference 
with railway supplies — particularly at Broad Arrow, Goon- 
^arrie, and Bardoc — ^has been very considerable, and in some 
instances water which the railway Department could and 
would have used with advantage has been locked up for sale 
to the public, and while waiting to be sold has evaporated. 
Any semblance of dual control in this matter is disastrous, 
and the Railway Department should solely control its 
supply of water, and be absolutely independent as to the 
source from which this essential factor should be drawn. 

The Coolgardie Water Supply water is very valuable to 
the Department, At the same time it is essential that a good 
supply of dam water should be available, and it certainly 
should be rendered unnecessary to. haul water fr^m-Kalgoorlie 
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to Leonora for railway purposes, when by the provision of 
dams this could be avoided. 

With the object of assisting the estimable movement for 
bringing the children of the goldiields to the coast during the 
summer months, the following fares were arranged : — 

From Kalgoorlie to Albany travelled. 

and back 20s. per child ... 1,198 

From Kalgoorlie to Fremantle 

and back 15s. „ „ ... 692 

From Kalgoorlie to Bunbury 

and Busselton and back... 20s. „ „ ... 988 
From Cue and Nannine to 

Geraldton and back ... ics. ,, „ ... 620 

The arrangement permitted of one adult to each 10 children 
being allowed to travel at double the fare for a child. 

From the Eastern Goldfields nearly 500 children were 
sent. This movement, it is expected, will increase very 
largely year by year, and the benefits all round can scarcely 
be estimated. 

Cheap Excursions from Perth to Albany, 30s. first and 20s. 
second class, available for 14 days, were instituted. This 
year it is proposed to continue these cheap fares and to make 
a special cheap fare from Kalgoorlie to Albany, of 50s. first 
class and 40s. second class, ^nd to arrange for the train to 
run through as quickly as possible, instead of, as heretofore, 
changing trains at Spencer's Brook. 

The policy of the Department will be in every possible way 
consistent with economy to m^ke these excursions popular, 
convenient, and within the reach of all. By these means it 
is expected that a better knowledge of the resources of the 
Slate will be more widely diffused among the people, and 
prove of lasting benefit to the State. 

Many reductions and concessions in freight charges, &c., 
have been brought into operation during the year. In 
foodstuffs and articles of domestic use there is not a reduction 
which can be made in railway charges which will reduce the 
consumer's retail cost by ^d. per pound. 

If our rates (which are practically the same as in the 
Eastern 'States) are to be lowered owing to the persistency of 
merchants and others, then the paying or non-paying of the 
Government Railways becomes a reponsibility of the State, 
and the efforts of the officers can only be directed to 
economical administration, which, on the other hand, will be 
counteracted by increasing wages and restriction of action in 
regard to essentials as to supplies for railway working. 

The price paid for Collie coal during the year was 105. 6d. 
per ton, loaded into trucks at pits. The latest contract for 
Newcastle coal is 155. 4^. per ton at Fremantle, Albany, 
Bunbury, and Geraldton. Some criticism has been directed 
against the Department in consequence of the silence of last 
year's report on the subject of Collie coal. Recognising the 
importance of the establishment of the coal industry in 
Western Australia, and the particulars in reference to the 
Collie coal tests not being conclusive, it was arranged that 
the late Mr. Rotheram should make exhaustive tests during 
the year 1903-1904, and on his death similar instructions were 
given to Mr. Hume. These tests have been completed and a 
report on same placed before the Government. So serious 
did the result appear that the Ministry have arranged for 
Dr. Jack, of Queensland, to visit this State in order to make 
a full and comprehensive inquiry into the matter. Every 
facility will be afforded by the Department to that gentleman, 
and his report will be looked forward to with considerable 
interest. 

Under the Industrial Agreements it became necessary for 
the Comniissioner to sit as an Appeal Board, but, after some 
eight months, owing to pressure of work, this work was trans- 
ferred to a board consisting of a resident magistrate, one 
representative for the Department, and one for the employees, 
and this was embodied in the new Railway Act. 

20 appeals were heard by the Commissioner, of which 
II (55%) were dismissed; 4 (20%) modified, and 5 (25%) 
allowed : 19 appeals were beard by the Appeal Board, of 



which la (63%) were dismissed; 5 (26%) modified, and 
2 (11%) allowed. 

This Department, at the request of the Minister for Workii 
and Railways, undertook the building of the William Street 
Bridge, Perth. Tenders were called under the plans 
prepared by a Mr. Howard, and the lowest tender was 
;f39t5oo. Being considered unsuitable by the Working 
Railway Engineers, the plans were re-drawn in the Chief 
Engineer of Existing Lines' Office, and tenders were again 
called, with the result that the Departmental plan brought 
forward a tender from the well-known contractor, Mr,^ 
Vincent, for £^^Sg^. The plans provided for the use of a. 
large amount of Donnybrook stone. On examination of the 
tenders it was found that the value of this wa5 set down as 
;^4,5oo, and it was decided that this expenditure could be 
verv well done without, especially as the station buildings, 
with which the bridge had to harmonise, are in brick and 
cement. The cutting out of this stone brought the tender 
down very considerably, and when the final certificate is 
made up it will be found that many thousands will have been 
saved to the State by the action taken. 

In order that the immense amount of correspondence, &c., 
passing through the Department may be clearly understood, 
the iollowing list will show the files dealt with each year :— 
Commissioner 110,000, chief traffic manager 1,500,000, chief 
mechanical engineer 125,000, chief engineer existing lines 
266,000, chief accountant 39,000, chief railway stordceeper 
41,000, chief railway auditor 31,000, total 2,112,000* 

By the scheme put forward the circulation of files can be 
very largely reduced, and a saving in expense to the Depart- 
ment effected of from ;f3,ooo to ;f5,ooo per annum, if a 
suitable building plan be adopted and the one record system 
brought into use as far as possible. 



Recent Patents relating to Railways. 

These abridgments of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, 
W.C., from whom copies of the specifications can be obtained 
at an uniform price of Sd, each. 

Lrocomotive Fire-Boxes. 26677. 5^^ December, 1903. 
W. R. Preston, of the firm of J. Stone & Co., Deptford, 
London, and W. S. Rogers, Boxmoor, Cambridge Park, 
Wanstead, Essex. 

This invention consists in the employment of a series of 
movable or adjustable vanes a in the ash pan for deflecting the 
air and conducting an even supply or even pressure of air 
from the ash pan to all parts of the grate surface. The vanes 
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are adjustable so that they can be arranged in the most 
advantageous manner, irrespective of the direction in which 
the engine is running, and may co-operate with fixed vanes ^. 
In a modified form of construction, adapted for locomotives 
which run principally in one direction, adjustable curved 
vanes h are pivotally suspended from the sides of the ash pan. 
(Accepted 1st December, 1904.^ _ ,^^ ,^^ ^^T r^ 
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Collapsible Gangway. 18229. 23rd August, 1904. 
G. S. Wood, 77, Jackson Boulevard, Chicago, U.S.A. 
This invention relates to a vestibule for connecting cars, 
provided with a protecting device or hood, designed to keep 

9»arks or cinders from lodging in the folds of Sie vestibule, 
be construction comprises a double layer of fabric C* O 
which is folded together in accordion plaits, and then sewed, 
riveted, or stapled through the plait, rigidly binding the parts 
in position. Preferably the width of the folds or plaits at the 
top of the vestibule is wider than in the legs, and two seams 
or lines of rivets are used, the innermost of which is an inch 
or more from the bend. The lines of stitching or rivets serve 
to add to the stiffness of the vestibule top and prevent the 
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vestibule getting out of shape. Between the folds C* and C* 
at the top of the vestibule is inserted the strips c of material 
of sufficient rigidity to support the top of the vestibule. The 
hood secured to the top ot the vestibule consists of a sheet of 
fabric which is preferably non-combustible and impervious to 
the weather, having greater width at the ends than at the 
middle, and secured over and to the top of the vestibule at 
points along the corners of the vestibule. The hood is of a 
length sufficient to project at the sides of the vestibule, and 
the shape is such as to provide a slight fulness at the ends, 
thereby permitting the mbric to sag between the outer comers 
of the vestibule sufficiently to shed rain or snow. (Accepted 
yd November t 1904.^ 

Axle-Boxes. 5010. 29th February, 1904. D. J. Morgan, 
5, Romilly Road, Cardiff, Glamorgan. 

The axle-box is made of two parts bolted together and 
capable of being readily removed from the vehicle after the 
bolts have been taken out and the weight lifted off the 
springs by lowering the bottom part away from the vehicle 
and lifting out the top part between the guides. In the top 
part A there is a reservoir or chamber J with syphon wick 
tubes R for oil, when it is used, but when grease is used the 
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tubes R are removed and the openings tilled with plugs 
adapted to melt at a high temperature and admit the grease 
to the bearings. An oil reservoir or chamber K in the part B 
is filled through a passage O C, which connects the chamber K 
with a channel in the upper part provided with a filter d, A 
plug W is loosened to indicate when there is sufficient 
oil in the reservoir K, and is also adapted to admit a sounding 
rod to ascertain the depth of oil at any time. The lubricating 
pad L is kept in position by a spring O resting either on the 
bottom of the reservoir or in a recess in the upper part. In 



a modified construction the lower reservoir may form part of 
or be fitted to a cover, which can be bolted on to any shape 
of axle-box. f Accepted lyth November, 1904.^ 

Window Lifts. 22272. 17th October, 1904. W. S. 
Laycocki Victoria Works, Millhouses, Sheffield. 
This invention relates to spring mechanism for raising the 
drop sashes in carriage doors, in combination with a lazy 
tongs device. The two bottom levers E, F, of the lazy 
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tongs G, which are connected with the underside of the 
window frame, are pivoted at H and connected with springs B 
or I, which are thereby expanded when the window is pushed 
down, and subsequently assist in raising the window. (Accepted 
lyth November f 1904 J 

Buffers. 22105. ^4^^ October, 1904. W. Gatwood, 9, 
Cavendish Road, Chorlton -cum -Hardy, Manchester, and G. 
H. Willans, The Hermitage, Rhosddu, Wrexham, 
Denbighshire. 

Tliis invention has reference to the construction of spring 
buffers adapted to be applied to " dead " buffer vehicles and 
involving a mmimuni of alteration to the latter. The wooden 
bufier packing is replaced by a specially constructed bufier 
guide made of two plates of steel stamped in the form shown 




and riveted together. Or the guide may be formed of a single 
casting with lugs or flanges tor bolting to the sole bar and 
headstock of the wagon. As shown, the buffer plunger B^ 
passes through the headstock and through the cross bearer, 
the buffing spring D being interposed between a washer on 
the plunger and a cup-shaped socket E on the cross bearer. 
In order to absorb the shock due to the recoil of the spring D, 
a light steel or rubber spring is mounted on the other side of 
the cross bearer. When it is desired to alter the construction 
of the frame of the wagon and fit a through headstock, the 
special buffer guide is replaced by the ordinary circular buffer 
guide. A buffer spring is also described, comprising two 
springs of different strength, the weaker spring being inserted 
within the stronger spring, but extending beyond it so that 
the lighter blows are absorbed by the weaker spring, whilst 
the heaviest blows are absorbed by both sorings^ When, both 
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springs are compressed to some extent, inclined faces formed 
thereon come in frictional contact, and assist in absorbing the 
buffing strains. (Accepted 2^h November, 1904 J 

Rail Chair. 399, 7th January, 1904. F. W. Bidder, 
13, Victoria St., Westminster, London, and Railway and 
General Engineering Co. Ltd., Midland Engineering Works, 
Nottingham. 

A chair for holding rails at crossings is formed of wrought 
iron, steel, or cast iron, and comprises a base plate b, bent or 
deflected upwards at its centre and slotted, and a jaw plate 
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e, with jaws passing through the slots in the base plate. The 
jaw plate is secured to the base plate by rivets. Taper keys 
are driven in between the jaws and rails, the latter being also 
connected by a bolt and distance block. (Accepted ist 
December, 1904.J 

Brakes, Wagon. 2448. ist February, 1904. J. Macaulay 
and J. Pattinson, Alexandra Docks and Railway Company, 
Newport, Monmouthshire. 

The brake shaft a is provided with long and short arms b c, to 
which the brake rods e d are connected. Brake levers are 
mounted on rocking shafts n 0, the shaft n also carrying two 



disposed a sliding block or roller x to which is pinned a con- 
necting rod y. On the frame of the wagon and suitably 
disposed is a cylinder or casing z containing a piston 2 
suitably pressed by a spring 3 and provided with a piston 
rod 4 which is pivotally attached to the connecting rod ^ as 
at 5. A connecting link 6 is disposed between the connecting 
rod y and the long lever q on the rocking shaft ». The 
spring 3 is preferably spiral and is adjustable so as to be in 
compression when the brakes are in their "on" and "off" 
positions. In use when the brakes are in the " ofi " position 
the brake levers k and m are *' up " and the sliding block or 
roller x in the slotted link v occupies its lowest position ; the 
lower end of the link v is drawn towards the spring 3 and 
held there and the long arm b of the rocking lever is held in 
one of its extreme positions. In applying the brakes the 
brake lever k is depressed, the long arm q on the rocking 
shaft n is raised, the sliding block or roller x in the slotted 
link V is travelled to the middle, drawing the connecting rod y 
and piston 2 against the spring 3 and then on further move* 
ment of the brake lever the sliding block x is travelled to the 
upper end of the slotted link v when that end is drawti 
towards the spring 3 thereby causing the countershaft t on 
which the slotted link v is mounted to rock, and throwing the 
long arm b of the rocking lever iAto its extreme position 
through the lever u and connecting link w and applying the 
brakes / and g through the brake rods d and e. When the 
brake is applied by lever m the lever q is raised by the rod 5 
joining the two short arms p r. (Accepted ist December, igo^J 

Rail Chairs. 2125. 28th January, 1904. James Bell, 
23, Waterloo Place, Edinburgh. 

The two chairs adjacent to the joint are connected by a 
girder-like part, formed in a piece with them, and having its 
upper surface shaped to the contour of the under part of the 
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arms p q Sit right angles to one another, whilst the shaft 
carries a short arm r only, which is connected by a rod s with 
the arm p. On the frame of the wagon is mounted a counter- 
shaft t which carries a short lever u and a slotted link v, the 
short lever u being connected by a link w to the end of the 
^ng arm b of the rocking lever, and in the slotted link v is 



rail, so aS to form a continuous bed for the rail, between the 
adjacent chairs. The fish-plates have vertical pans fitting the 
contour of the sides of the rail, and parts extending laterally 
outwards so as to encounter ribs, formed upon the upper face 
of the girder part, and which form lateraU supports Cor the 

fish-plates and so for the rails. AS|^e- lateral extensions ^1 ^ 
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the fish-plates rest upon the upper surface of the girder part, 
vertical support is given to the rails as well as lateral support 
afforded by the engagement of the extensions with the ribs on 
the girder part. The fish-plates are secured to the rails in 
the usual manner by bolts passed through them and through 
the webs of the rails. Owing to the support afforded the fish- 
plates by their bearing vertically on the upper surface of the 
girder part, and laterally upon the ribs, the strains which 
come upon the bolts are reduced. The fish-plates may be of 
such a length as to extend nearly from chair to chair, and 
their ends may be arranged to abut against the parts formed 
on the chairs or on the girder part, and so prevent endwise or 
*' creeping '* movement of the rails. In order to strengthen 
the girder part, it may be formed with a depending web or 
webs upon its under side. Or ordinary fish-plates may be 
used, and the ribs on the girder part be dispensed with. A 
cushion of rubber or felt mav be msened between the girder 
part and the rails, and the chairs may be arranged to accom- 
modate check rails. (Accepted 1st Duemher^ i904*> 

Electric Railways. 23050. 26th October, 1904. O. S. 
Gill, JLake House, Woolton, Liverpool. 
This invention relates to a covering or protecting device for 
live rails, and a current collector for use with the covering. 
The casing consists of L or U section lengths h r, the larger, ^, 
covering and protecting the whole of the top and one side of 
the rail a, whilst c covers the other side of the rail, a gap or 
opening d being provided at the side, through which the arm 
carrying the collector passes. Between the collecting shoe k 
and arm j springs / are interposed, for the purpose of con- 
stantly maintaining the part 1^ on the rail a. At the free end 
of the collector arm the sides and end are Hanged forming, 
with the piece mS a box or case im, this being open at the 
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lower side. Vertical slots t are provided in the ends of the 
case w into which T shaped projections n on the collecting 
slvoe * fit. These T pieces form part of the casting *. The 
shoe * is therefore free to move in a vertical direction, and is 
maintained in contact with the upper surface of the conductor 
rail by the springs /. The collector shoe A is prevented firom 
descendbg too £r by means of a bolt or pin fixed to the 
shoe and passing through a hole in the collector arm end m, 
a stop p being provided on to regulate the amount of down- 
ward motion of the shoe. A renewable portion A* on the shoe k 



is ntiaintained in position by studs ^. The electrical connection 
between the motors and the collecting shoe h is formed by 
flexible insulated conductors t carried on the collector arm bv 
a casing 5, and being secured to terminals provided on shoe A. 
(AcupUd 1st December, 1904/ 

Signalling, Automatic. 19902. 15th September, 1903. 
E. C. Irving and J. P. O'Donnell, Palace Chambers, 
9, Bridge Street, Westminster. 

With this invention fluid pressure is admitted alternately to 
either side of a piston or diaphragm that operates the signal, 
the admission of the fluid pressure being controlled through 
valve devices operated by a train or vehicle entering or 
leaving an insulated section of the track comprising an 
electric track circuit, or by the train operating electric treadles 
or other means of sending a power impulse to the controlling 
valves. Where an electric track circuit is emploved for con- 
trolling the operations of the signal two electrically controlled 
valves are provided, one of which normally admits fluid 
pressure to the piston or diaphragm for retaining the signal in 
the normal position (safety or danger as the case may be)^ the 
other valve cutting off the fluid pressure from the opposite 



FIG. 2., 




side oi the piston or diaphragm and opening it to exhaust. If 
a train or vehicle enters on the insulated track section, or 
operates the treadle, the electric circuit is broken or made, 
through the magnets of the valves whereby the valve that 
normally admits fluid pressure to the piston or diaphragm, to 
hold the signal arm in the normal position, is operated to cut 
off the fluid pressure supply from that side of the piston or 
diaphragm and open it to exhaust, and at the same time the 
other valve is operated to admit fluid pressure to the other 
side of the piston or diaphragm whereby the signal arm is 
operated from the normal position to the opposite or 
danger position. The signal is held in this position until 
the train leaves the insulated track section, whereby the 
circuit that operates the valves is again made or broken and 
the valves are operated respectively to admit fluid pressure 
to one side of the piston or diaphragm and to Exhaust 
it from the other side whereby the signal arm is returned to 
the normal position. The electrically controlled valves may 
be as set forth in the prior Specifications of Letters Patent 
Nos. 3078 of 1903 and 65^3 of 1901 with suitable pipe con- 
nections from the main flmd pressure supply pipe to the valves 
and from the valves to the cylinder or diaphragm casing. 
Pneumatically operated valves may be employed in place of 
the electrically worked valves. (Accepted^2ist^' ' 
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Brakes, Wagon. 23024. 26th October, 1904. T. P. 
Poole, 10, High Street, Eastleigh, Hants. 
The brake levers B B^ are mounted on a transverse shaft A 
provided with an arm D which is connected by a pull rod F 
with the ordinary tumbler E. A cross bar C connects the 




outer ends of the levers B BS thus enabling them to be 
raised or depressed simultaneously, whilst springs J J^ on the 
guards keep the levers out of contact with the racks, either 
spring being easily pushed aside to allow the lever to engage. 
(Accepted 1st December^ 1904J. 

SPECIFICATIONS PUBLISHED. 

1903. 
23387. Stqps for tramcars and like vehicles; Stanley and Anger. 
23715. Apparatus for electrically operating signals and points ; Boddam. 
23948. Electric tram cars ; Conaty. 24740. Manufactare of rails, 
crossings, points and frogs ; Hadfield. 24819. Signalling ; Phillips. 
24847. Electro-mechanical automatic switches for surface contacts for 
electric traction, also applicable for automatic signalling on railways ; 
Waggott, Rosenbnrg and Smyth. 25173. Axle boxes for wagons ; 
Steors-Micheroux. 25179. Rail chairs; Gelder and Gelder. 25316. 
Wheels ; Ellis and Ash worth. 25970. Current collector for stud contact 
systems of electric traction ; Griffiths and Bedell. 26056. Valves, 
cylinders and fittings for vacuum brakes ; Gresham. Gresham and Kiernan. 
26124. Controlling and operating points of electric railways and tram- 
ways ; Stewart, Turner and Dixon. 26250. Car couplings ; Kuhlmann. 
26557. Couplings ; Gouldie. 26677. Locomotive lire-boxes ; Preston and 
Rogers. 27069. Apparatus for operating points on electric tramways 
and light railways; Cardell. 27822. Wheels; Walker and Brancker. 
27854. Method of operating tramway point shifters from cars; Cooley. 
28032. Rails for permanent way ; Bigwood. 28612. W.C*s. and Urinals 
for railway carriages, &c. ; Twyford. 28648. Apparatus for cutting off 
the wearing portions of compound tramway rails ; Rhodes. 

1904. 
^1. Wagon brakes; Morgan. 351. Safety device for use on electric 
v^icles on the stud contact system; Griffiths and Bedell. 399-400. 
Rail chairs; Bidder and Railway and General Engineering Co., Ltd. 772. 
Switches or points for railways or tramways ; Smith. 1403. Railway 
and tramway frogs or crossings; HadBeld. 1562. Fog signalling 
apparatus; Templeman. Gough and NichoUs-Pratt. 1819. Apparatus 
for simultaneously locking doors of trains in motion ; Pool. 2123. Lock 
nuts; Dadley and Dadley. 2125. Rail chairs; Bell. 2448. Brakes; 
Macaulay and Pattinson. 2449. Emergency brakes for electrically 
propelled vehicles ; British Thomson-Houston Co.. Ltd. (General 
Electric Co) 4690. Mono-rail traction ; Faroux. 5010. Axle-boxes ; 
Morgan. 8186. Brakes (Wagon) ; Framptons. 9463. Permanent wav ; 
Bryant. 10805 Points and switches ; Murphy. 10830. Material tor 
applying lubricant to axles ; Lay cock. 14754. Crossings ; Howorth 
(Rhodes and Taylor), 15869. Electrically operating points ; Siemens 
Bros, and Co. Ltd. (Siemens and Halske and Akt— Ges). 17959. Rail 
fastenings ; Grange. 1 822S-9. Collapsible vestibules; Wood. 18322. Electric 
lighting of train?; Pieper and L*Hoest. 18561. Protector for live rails 
oi electric railways ; Linkleter. 18764. Couplings (Automatic) ; Beard. 
19171. Rail spikes; McDermott. 20945. Permanent way; Ervin. 
2x102. Nut locks ; Hughes. 21916. Couplings ; Greeley. 22105. 
Buffers ; Gatwood and Willans. 22272. Window lifts ; Laycock. 22703. 
Apparatus for operating tramway and railway points, switches, &c. ; 
Lewis. 23024. Wagon brakes ; Poole. 23050. Electric railways ; Gill. 



The Strength and Stability of Stone and 
Brick Bridges.— II. 

(Continued from page 357, Vol. XXV.) 

It is obviously necessary next to ascertain the form of the 
curve of thrust, and, as the proportion of rise to span is 
constant, it is immaterial whether it is worked from the loads 



on the voussoirs or from those on the central part of the 
structure ; as the latter are the heavier they will be used, the 
higher figures allowing of greater accuracy in plotting the 
triangles of force than the lower. 

The line of thrust and the method of determining it are 
shown in fig. 3. The load per lineal foot of span is taken as 
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ten tons, and the horizontal thrust at the crown of the arch 
has been found (p. 357) equal to 281*2 tons. 

The factor of safety for stabilit)^ should not be less than 
two, for if the line of thrust should approach too near the 
edge there is a possibility that the arms of the stone may 
chip off, and thus reduce the effective thickness of the arch. 
To insure this factor of safety the line of thrust must be kept 
within the middle half of the thickness of the arch. 

In the diagram, fig. 3, let B A represent the line of thrust, 
A D the effective springing line, and D B the rise of the arch. 

The arch elevation has been struck from the centre O, but 
it may be necessary to slightly vary this in order to bring 
the line of thrust into the desired position in respect to the 
contour of the arch. 

For the purpose of setting out the curve of thrust the half 
span is divided by imaginary lines into four feet lengths, each 
of which will therefore represent a vertical load of 40 tons ; 
through the centres of gravity of these four foot lengths are 
to be drawn vertical lines, i . . i' ; 2 . . 2' ; &c. to 7 . . 7', in 
the direction of which the vertical loads may be considered 
as acting. 

From the point B, in the centre of the thickness of the 
arch at the crown, draw the horizontal line B E, and number 
the intersections with the vertical lines of load as shown. 
Now, at the point of intersection i, two forces come into 
operation, the horizontal thrust 281*2 tonSj and a vertical 
load of 40 tons. On the line B E and from the intersection i, 
mark off i ^ = 281*2 tons on the scale of stresses, and (com 
the point e draw the vertical line ef = ^o tons, and join i/; 
then in the triangle of stress iQigfltize/ will represent in direc- 
tion and intensity the thrust between the points i and 2\ 
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Produce the straight Ime i/tb 8, making 2' 8 = x /, and 
from 8 let fall a vertical line 8 . . 14 = 40 tons, and join 
2' , . . 14 ; then 2' ... 14 is equal to the thrust between 
a and 3'. 

Produce 2' ... 14 to 9, making 3' ... 9 = 2' ... 14, and 
let fall the vertical line 9 . . 15 = 40 tons, and join 3' ... 5, 
which will represent the thrust between the points 3' and 4'. 

Continuing this process with the remaining loads, the 
thrusts are found up to the abutment a d. 

The lines B i, 1-2', 2'-3', 3'-4'. 4'-5', 5^-6', e'-y' and j'-ig 
form a series of tangents to the true line of thrust, which 
must be wholly in the middle half of the thickness of the 
arch. 

The horizontal thrust impinges centrally at B midway 
between the extrados at b and the intrados a and c. The 
nearest approach of the line of thrust to the intrados is at a 
point marked g^ so here will occur one limiting point beyond 
which the intrados must not pass. 

The point h is the nearest approach of the line of thrust 
to the extrados, and a h must therefore not be less than one- 
fourth of the springing a d. 

By raising the centre of curvature from to 0' the conditions 
of stability are satisfied. There is a very great increase of 
stress at the abutment; the last line of thrust 7-19 scales 
392 tons. If the arch is kept of the same thickness through- 
out, the area of brickwork at the haunch will be 26 x 3 = 
78 sq. ft. The pressure per square foot would therefore be 
292 -^ 78 = 5. tons. 

From the figures on p. 357 it appears that if the thrust is 
taken as all carried on the parts of the arch immediately 
under the spandril walls, the factor of safety in respect to 
cracking of red brick is 5'8. 

At the haunches of the stone facings of the arch taking the 
crushing resistance of the stone the factor of safety is 12, 
so all over the arch the strength is ample for the thrust to 
be sustained. 

(To he continued ») 



Railways and the Board of Trade.— 11,^ 

{Continued from page 25,) 

The following are the requirements of the Board of Trade as 
to new works : — 

1. The requisite apparatus for providing by means of the 
Block Telegraph system an adequate interval of space between 
following trains, and, in the case of junctions, between con- 
verging or crossing trains. In the case of single lines worked 
by one engine under steam (or two or more coupled together) 
carrying a staff, no such apparatus will be required. 

2. Home-signals and Distant ^signals for each direction to be 
fixed at stations and junctions, with extra signals for such 
dock or bay lines as are used either for the arrival or for the 
departure of trains, and starting signals for each direction at 
all passenger stations which are also block posts. On 
passenger lines all cross-over roads and all connections for 
goods or mineral lines and sidings to be protected by home 
and distant-signals, and as a rule at all important running 
jxmctions, a separate distant-signal to be provided in connec 
tion with each home-signal. 



• No. I. appeared in the January issue. 



Signals may be dispensed with on Single lines under the follow- 
ing conditions : — 

(a) At all stations and siding connections upon a line 
worked by one engine only (or two engines coupled together) 
carrying a staff, and when all points are locked by such staff. 

(b^ At any intermediate siding connection upon a line 
worked under the train staff and ticket system or under the 
electric staff or tablet system where the points are locked by 
the staff or tablet. 

(c) At intermediate stations which are not staff or tablet 
stations, upon a line worked under the electric staff or tablet 
system ; siding, if any, being locked as in (b). 

3. The Signals at Junctions to be on separate posts or 
brackets, and the signals at stations, when there is more than 
one arm on one side of a post, to be made to apply— the 
first or upper arm to the line on the left, the second arm to 
the line next in order from the left, and so on ; but in cases 
where the main or more important line is not the one on the 
left, separate signal posts to be provided or the arms to be on 
brackets. 

Distant-signals to be distinguished by notches cut out of 
the ends of the arms, and to be controlled by home or starting 
signals for the same direction when on the same post. A 
distant-signal arm must not be placed above a home or 
starting signal arm on the same post for trains going in the 
same direction. 

In the case of sidings a low short arm and a small signal 
light, distinguishable from the arms or lights for the passenger 
lines, may be employed ; but in such cases disc signals are, 
as a rule, preferable. 

Every signal arm to be so weighted as to fly to, and remain 
at, danger on the breaking of any connection between the 
arm and the lever working it. 

4. The Front Signal Lights to be green for all-right and red 
for danger. The Back Lights (visible only when the signals 
are at danger) to be white. 

5. Facing Points to be avoided as far as possible, but when 
they cannot be dispensed with they must be placed as near 
as practicable to the levers by which they are worked or 
bolted. The limit of distance from levers working points to 
be 200 yards in the case of facing points, and 300 yards in 
the case of trailing points on the main line or safety points of 
sidings. 

In order to assure that the points are in their position 
before the signals are lowered, and to prevent the signalman 
from shifting them while a train is passing over them, all 
facing points must be fitted with Facing Point Locks and 
Locking Bars, and with means for detecting any failure in the 
connections between the signal cabin and points. The length 
of the locking bars to exceed the greatest wheel base between 
any two pairs of wheels of the vehicles in use on the line, 
and the stock rails to be tied to gauge with iron or steel ties. 
All points, whether facing or trailing, to be worked or bolted 
by rods and not by wires, and to be fitted with double 
connecting rods 

6. The Levers by which Points and Signals are worked to be 
Interlocked and, as a rule, brought close together into the 
position most convenient for any person working them, in a 
signal cabin, or on a properly constructed stage. The Signal 
Cabin to be commodious, and to be supplied with a clock and 
with a separate block instrument for signalling trains on each 
line of rails. The point levers and signal le\ersw jt« ■be> so 
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placed in the cabin that the signalman when working them 
shall have the best possible view of the railway, and the 
cabin itself to be so situated as to enable the signalman to 
see the arms and the lights of the signals and the working 
of points. The back lights of signal lamps to be made as 
small as possible, having regard to efficiency. If, from any 
unavoidable cause, the arm and light of any signal cannot 
be seen by the signalman, they must, as a rule, be repeated 
in the cabin. 

7. The Interlocking to be so arranged that the signalman 
shall be unable to lower a signal for the approach of a train 
until after he has set the points in the proper position for it 
to pass ; that it shall not be possible for him to exhibit at the 
same moment any two signals that can lead to a collision 
between two trains, and that, after having lowered the signals 
to allow a train to pars, he shall not be able to move any 
points connected with, or leading to, the line on which the 
train is moving. Points also, if possible, to be so interlocked 
as to avoid the risk of a collision. 

Home- Of Starting-sie^nals, next in advance of trailing points, 
when lowered, to lock such points in either position, unless 
such locking will unduly interfere with the traffic. 

A distant signal must not be capable of being lowered 
unless the home and starting signals in advance of it have 
been lowered. 

8. Sidings to be so arranged that shunting operations upon 
them shall cause the least possible obstruction to the 
passenger lines. Safety-points to be provided upon goods and 
mineral lines and sidings, at their junctions with passenger 
lines with the points closed against the passenger lines and 
interlocked with the signals. 

9. When a junction is situated near to a passenger station, 
the Platforms to be so arranged so as to prevent, as far as 
possible, any necessity for standing trains on the junction. 

10. The Junctions of all Single lines to be, as a rule, formed as 
double-line junctions. 

1 1 . The lines of railway leading to the passenger platforms to 
be arranged so that the engines shall always be in front of the 
passenger trains as they arrive at and depart from a station ; 
and so that, in the case of double lines or of passing places on 
single lines, each line shall have its own platform. At 
terminal stations a double line of railway must not end as a 
single line. 

12. Platforms to be continuous and not less than 6 ft. wide 
for stations of small traffic, nor less than 12 ft. wide for 
important stations ; the Descents at the Ends of the Platforms to 
be by ramps and not by steps. Pillars for the support of 
roofs and other fixed works, not to be less than 6 ft. from the 
edges of the platforms. The height of the platforms above 
rail level to be 3 ft., save under exceptional circumstances, 
and in no case less than 2 ft. 6 ins. The edges of the platforms 
to overhang not less than 12 ins. As little space as possible 
to be left between the edges of the platforms and those of the 
footboards on the carriages. Shelter to be provided on every 
platform and conveniences where necessary. Names of 
stations to be shown on boards and on the platform lamps. 

13. When a station is on or near a Viaduct or Bridge^ a parapet 
or fence on each side must be provided, of sufficient height to 
prevent passengers, who may by mistake in the dark leave the 
carriages when they are not at the platform, from falling from 
the viaduct or bridge. 

14. Foot-bridges or Subways to be provided for passengers to 



cross the railway at all exchange and other important stations. 
Staircases or ramps leading to or from platforms to be at no 
point narrower than at the top and the available width to be 
in no case contracted by any erection or fixed obstruction 
whatever below the top. At all stations where crowding may 
be expected the staircases or ramps to be of ample width, and 
barriers for regulating the entrance of the crowd at the top to 
be erected. If in such cases there are gates at the bottom, a 
speaking-tube or other means of communication between the 
top and bottom to be provided ; and in all cases gates at the 
bottom of a staircase or ramp to open outwards. For closing 
the openings at the top sliding bars or gates are considered 
best. The steps of staircases to be never less than 11 ins. in 
the tread, nor more than 7 ins. in the rise, and midway 
landings to be provided where the height exceeds 10 ft. 
Efficient handrails to be provided on both staircases and 
ramps. In subways where ramps are used the inclination not 
to exceed i in 8. 

[5. A Clock to be provided at every station in some con- 
spicuous position visible from the platforms. 

16. No station to be constructed, and no siding to join a 
passenger line, on a steeper gradient than i in 260, except 
where it is unavoidable. When the line is double, and the 
gradient at a station or siding-junction is necessarily steeper 
than I in 260, and when danger is to be apprehended from 
vehicles running back, a catch-siding with points weighted 
for the siding or a throw-off Switch to be provided to intercept 
runaway vehicles at a distance outside the home signal for 
the ascending line greater than the length of tKe longest train 
running upon the line. 

Under similar circumstances, when the line is single, pro- 
vision for averting danger from runaway vehicles to be 
made — 

1 . At a station in one of the following manners : — 

(a) A second line to be laid down, a second platform 

to be constructed, and a catch siding or throw- 
off switch to be provided on the ascending line 
inside the loop points. 

(b) A loop line to be constructed further down the 

incline than the station platform, with a similarly 
placed catch siding or throw-off switch. 

2. At a siding junction in one of the following manners, 
except where it is possible to work the traffic with the engine 
at the lower end of the goods or mineral train, in which case 
an undertaking (see No. 33) to do so, given by the company, 
will be accepted as sufficient : — 

fa) A similar loop to be constructed, as in the case of 
a station. 

(b) Means to be provided for placing the whole train 
on sidings clear of the main line before any 
shunting operations are commenced. 

17. Engine Turntables of sufficient diameter to enable the 
longest engines and tenders in use on the line to be turned 
without being uncoupled, to be erected at terminal stations 
and at junctions and other places at which the engines 
require to be turned, except in cases of short lines not exceed- 
ing 15 miles in length, where the stations are not of a greater 
distance than three miles apart, and the railway company 
gives an undertaking (see No. 33) to stop all trains at all 
stations. 

Care to be taken to keep all turntables at safe distances 
from the adjacent lines of rails, so that engines, wagons or| 
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carriages, when being turned, may not foul other lines, or 
endanger the traffic upon them. 

18. Cast iron must not be used for Railway Underbridges^ 
except in the form of arch-ribbed girders, where the material 
is in compression. 

In the cast iron arched bridge, or in the cast iron girders 
of an overbridge, the breaking weight of the girders not to 
be less than three times the permanent load due to the weight 
of the superstructure, added to six times the greatest moving 
load that can be brought upon it. 

In a wrought iron 01 steel bridge the greatest load which 
can be brought upon it added to the weight of the super, 
structure, not to produce a greater stress per square inch on 
any part of the material than 5 tons, where wrought iron is 
used, or 6^ tons where steel is used. 

The engineer responsible for any steel structure to forward 
to the Board of Trade a certificate to the effect that the steel 
employed is either cast steel, or steel made by some process 
of fusion, subsequently rolled or hammered, and of a quality 
possessing considerable toughness and ductility, together 
with a statement of all the tests to which it has been sub- 
jected. 

19. In cases where Bridges or Viaducts are constructed wholly 
or partially of Timber ^ a sufficient factor of safety, depending 
on the nature and quality of the timber, to be provided for. 

20. It is desirable that Viaducts should^ as far as possible, be 
wholly constructed of Brick or Stone, and in such cases they must 
have parapet walls on each side, not under 4 ft. 6 ins. in 
height above the rail level, and not less than 18 ins. thick. 
Where it is not practicable to construct the viaducts of brick 
or stone, and iron or steel girders are made use of, it is 
considered best that in important viaducts the permanent 
way should be laid between the main girders. In all cases 
substantial parapets with a height of not less than 4 ft. 6 ins. 
above rail level must be provided by an addition to the 
girders, unless the girders themselves are sufficiently high. 
On important viaducts, where the super-structure is of iron, 
steel, or timber, substantial outside wheel guards to be fixed 
above the level of, and as close to, the outer rails as possible, 
but not so as to be liable to be struck by any part of an 
engine or train running on the rails. In the construction of 
the abutments or piers which support the girders of high 
bridges and viaducts, cast-iron columns of small size must 
not be used. In all large structures a wind pressure of 
56 lbs. per square foot to be assumed for the purpose of 
calculation, which will be based on the rules laid down in the 
report, dated 20th May, 1881, of the Committee appointed by 
the Board of Trade to consider the question of wind pressure 
on railway structures. 

21. The upper surfaces of the wooden platforms of bridges 
and viaducts to be protected from fire. 

22. All castings for use in railway structures to be, where 
practicable, cast in a similar position to that which they are 
intcsnded to occupy when fixed. 

23« Tht Joints of Rails to be secured by means of fish-plates 
or by some other equally secure fastening. On main lines 
and lines where heavy traffic may be worked at high speed, 
the Chairs not to weigh less than 40 lbs., but on branch lines, 
or lines on which the traffic is light, chairs weighing not less 
than 30 lbs. may be used. 

24. Chairs must be fastened to the sleepers, at least partially, 
by iron spikes or bolts. With flat-bottomed rails, where 



there are no chairs, or with bridge rails, the fastenings at the 
joints and at some intermediate places to consist of fang or 
other through -bolts; and such rails, on curves with radii of 
15 chains or less, to be tied to gauge by iron or steel ties at 
suitable inter\'als. 

25. In any curve where the radius is 10 chains or less, a 
Check^rail to be provided. 

26. Diamond Crossings^ as a rule, not to be flatter than 

1 in 8. 

27. Standing works (other than a passenger platform) must 
have a clearance to the side of the widest carriage in use on 
the line 2 ft. 4 ins. at any point between the level of 

2 ft. 6 ins, above the rails and the level of the upper parts of 
the highest carriage doors. This applies to all arches, abut- 
ments, piers, supports, girders, tunnels, bridges, roofs, walls, 
posts, tanks, signals, fences, and other works, and to all pro- 
jections at the side of a railway constructed to any gauge. 

28. The Space between adjacent Lines or between lines of 
rails and sidings not to be less than 6 ft. Where additional 
running lines of rails are alongside the main lines, an interval 
of not less than 9 ft. 6 ins. to be provided if possible between 
such additional lines and the main lines. 

29. At all Level Crossings of public roads the gates to be 
so constructed that they may be closed either across the 
railway, or across the road at each side of the crossing, and 
a lodge, or, in the case of a station, a gate-keeper's box, to 
be provided, unless the gates are worked from a signal cabin. 
The gates must not be capable of being opened at the same 
time for the road and the railway, and must be so hung as 
not to admit of being opened outwards towards the road. 
Stops to be provided to keep the gates in position across the 
road or railway. Wooden gates are considered preferable to 
iron gates, and single gates on each side to double gates. 
Red discs or targets must be fixed on the gates, with lamps 
for night use ; and semaphore signals in one or both direc- 
tions, interlocked with the gates, may be required. At all 
level crossings of public roads or footpaths, a footbridge or a 
subway may be required. 

At occupation and field crossings the gates must be hung 
so as to open outwards from the line. 

30. Sidings connected with the Main Lines near a Public Road 
Level-crossing, to be so placed that shunting may be carried on 
with as little interference as possible with the level crossing ; 
and, as a rule, the points of the siding to be not less than 
100 yards from the crossing. 

31. At public road level crossings in or near populous 
places, the lower portions of the gates to be either close 
barred or covered with wire netting. 

32. Mile posts, half-mile, and quarter -mile posts and 
gradient-boards to be provided along the line. 

33. Tunnels and long viaducts to be in all cases constructed 
with refuges for the safety of platelayers. On under-bridges 
without parapets handrails to be provided. Viaducts of steel, 
iron, or timber to be provided with manholes or other 
facilities for inspection. 

34. Continuous brakes (in accordance with the Regulation of 
Railways Act of 1889) complying with the following require- 
ments to be provided on all trains carrying passengers, viz. : — 

(i) The brake must be instantaneous in action and capable 
of being applied by the engine driver and guards. 

(2) The brake must be self-applying in the event of any 
failure in the continuity of its action. j-^,-^ r^T r-% 
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(3) The brake must be capable of being applied to every 
vehicle of the train, whether carrying passengers or not. 

(4) The brake must be in regular use in daily working. 

(5) The materials of the brake must be of a durable 
character, and easily maintained and kept in order. . 

35.. Any undertaking furnished by a railway company to 
be under the seal, and signed by the Chairman and Secretary 
of the company. 

(To he continued,) 



Private Owners' 10-ton Tank Wagons. 

The standard specifications which have been settled by the 
Clearing House Committee to regulate the construction of 
private owners* wagons, include specifications for tank-wagons. 
By the kindness of Mr. James Holden, M.Inst.C.E., loco- 
motive, carriage, and wagon superintendent of the Great 
Eastern R., and chairman of the above-mentioned committee, 
we are able to publish the drawings and specification for the 
lo-ton tank wagon. (The drawings of the details will appear 

our next issue). 

These wagons follow the same general rules as other 
private owners* wagons, and the tank may be constructed so 
as to best suit the requirements of the particular trader, pro- 
vided the •* dimensions comply strictly with all the provisions 
and requirements set forth in the specification *' below. 

The registration plates and other conditions are the same as 
for open wagons ; these we have previously published.^ 
Principal Dimensions, 

1. The length of tank outside not to exceed 17 ft. 5 ins. 
The diameter „ „ 3 ft. 8 ins. 
The length over headstocks to be ... 18 ft. oins. 
Height of buffers from rail (unloaded) ... 3 ft. 5 ins. 
Centres of buffers apart ... ... 5 ft. 8Jins. 

Wheel base not to be less than 96.6 ins., 

nor to exceed ... ... ... 10 ft. 6 ins. 

Diameter of wheels on tread not to exceed 3 ft. 2 ins. 
Tare. 

2. Tare not to exceed 8 tons. 
Tank, 

3. The tank is to be of the form shown on drawings here- 
with, and is to be provided with wash and stay plates. The 
barrel to be made of J in. and the ends of ^ in. Siemens* steel 
plates. The manhole at the top of tank to be provided with 
cover, pressure bar, and screw, so as to render the tank air- 
tight when the cover is closed. A horizontal bar indicating 
the level to which the tank may be filled is to be placed across 
the tank below the manhole at a height of 5 ins. from the 
crown of the tank, as shown on the drawing. The cover to 
have the following inscription cast upon it : '* Tank must not 
be filled above bar below manhole." 

The tank to be secured to the underframe by one of the 
methods shown on standard drawings, or any other approved 
design, a drawing of which must be furnished. 

The outlet at the bottom to be provided with a malleable 
iron flanged funnel, fitted with a plug, the lower end of the 
funnel to be fitted with a brass cock securely bolted on. The 
plug to be raised and lowered by means of a lever and screw, 
worked by a small wheel at the top of the tank, and placed 
inside the manhole. 

* The Railway Enfineeir, October, 1903. A list of the particular liquids 
permitted to be earned in these tank wagons will be found in the general 
railway classification of goods specification. 



Painting of tank. 

4. The tank to be painted red and all writing to be in 
white, 

Underfranu, 

5. The underframe to be of steel or wrought iron of approved 
quality (vide attached specification"^) and to the general design 
shown on the drawing. 

The minimum dimensions of the principal members are as 

follows : — 

Headstocks, solebars, and ) . » _ ,,, _ «« 1. il 
tank side supports ... ) xo" x 3*" X f channel ban. 

Trimmers 6" x zY x F n 

Middle bearers, diagonals. ) „ ,, , „ , . 
and longitudinals ... j ^ X 4 x t angle bars. 

Tank end support angles 3" x 3" x \** ,1 

„ „ supports ... 39" X13" X }" plate. 
„ side brackets ... 48" x i" plate. 
The whole to be so prepared that the ends have a good 

bearing upon the adjacent parts. 
Quality of wrought iron, 

6. All wrought ironwork in the tank and underframe^ and 
all pertaining or attached thereto (except the draw-gear), to 
be made of iron or mild weldable steel, to the specification 
attached.*^ 

Draw-gear. 

7. The draw-gear throughout to be made of the best cable 
iron, or mild weldable steel, of Government chain proof 
quality, and to be continuous and elastic ; and of the dimen- 
sions shown on the standard drawings. The chains to be 
made of i^ in. diam. iron or steel, and to hang loosely in the 
drawbar; all links to be welded at the side. Pins and 
shackles are not to be used. 

Axle-guards, 

8. The axle-guards to be made of 4 ins. x f in. iron, and 
the wings to be 2^ ins. x } in. ; the bottom stay or bridle to 
be 2 ins. x f in. The axle-guards to be fastened to the frame 
by J in. rivets. 

Bolts and nuts. 

9. All bolts and nuts to be screwed to Whitworth standard 
thread, and, wherever possible, all nuts and cotters must be 
placed outside, so as to be easily seen if working o£ 

Brake. 

10. Each wagon to b^ fitted with an approved brake, 
having a block applied to one wheel of each pair ; also safety 
loops for preventing the brake-work from falling. 

Buffers. 

11. Laminated buffing springs are to be used; the buffers 
to be 18 ins. long from headstock to face, which is to be 13 ins. 
diam. ; the buffer guides to be not less than 10 ins. long. 
Buffing springs. 

12. The buffing springs to be made of 12 plates of 3 ins. x 
i in. steel, and to be tested at the maker's works by an 
inspector, strictly in accordance with the specification in 
clause 19 {vide Appendix to this specification).'*' The spring 
buckle must be made of forged iron or steel ; or in accordance 
with the method shown in the accompanying drawing. 
Bearing springs, 

13. The bearing springs to be made of either 5 plates 4 ins. 
X i in. steel or 8 plates 4 ins. x i in. steel ; to have a 
wrought iron hoop 3 ins. x ^ in., and to have { in. rivet in 
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Fig. I. lo-Ton Private Owners* Tank Wagon. 



middle, or flat rivet of equal strength may be used if pre- 
ferred. Cambre for 5 plated springs 4 ins. x | in. to be 
6i ins., and for 8 plated springs 4 ins. x ^ in. to be 5^ ins. 

They shall be made to the standard drawings and be tested 
at the maker's works by an inspector, strictly in accordance 
with the specification in clause 19 (vide Appendix). 



15. The tyres to be of Bessemer or Siemens' steel, and to 
be subjected to the tests set forth in clause 20 {vide Appendix). 

The tyres to be 5 ins. wide, and not less than 2 ins., nor 
more than 2^ ins. thick on tread when finished, truly bored 
out, with not more than ^ in. for contraction, and secured to 
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Alternative Methods of Securing Tank to Frame. lo-Ton Private Owners* Tank Wagon. 



The bearing springs to be secured in position by bolts and 
nuts, as shown in standard drawings. 
AxU-hoxes. 

14. Oil axle-boxes are to be used. They are to be cast of 
good strong iron or steel, or may be made of pressed steel, 
are to have brass or bronze bearings well fitted in, and must 
be to an approved design. The top of the box to be so formed 
that the bearing spring will bed into it 2 ins. 

An efficient shield is to be put in the back of the box to 
keep out dust. 



the wheels by one of the several approved modes of fastening 
shown in the standard drawings; but neither rivets nor bolts 
to be passed through or into the tyre. 
Axles. 

16. The axles to be made of Bessemer or Siemens' steel, 
and to be subjected to the tests set forth in clause 20 {vide 
Appendix). Wrought iron axles may be used if preferred, 
subject to the tests set forth in clause 21 {vide Appendix).'*'' 

The axles to be 6 ft. 6 ins. long from centre to centre of 
journals, 5f ins. diam. through the boss of the wheel, and 

* This was published in the Railway Engineer for October. iSK>3' 
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gradually tapered to 5 ins. in the middle. There must be no 
shoulder on the axle behind the boss. The journals to be 
9 ins. long x 4^ ins. diam., and the whole strictly in accord- 
ance with the standard drawing. 

4^ in. journals must be taken out when worn under 4 ins. 
Wlieels. 

17. The body of the wheel to be made of wrought iron of 
good marked bar quality, with either solid or open spokes, 
and wrought iron bosses. The bosses to be 7 ins. through 
and 10 ins. diam. The rim or periphery to be not less than 
I J in. thick, soundly welded throughout, and turned exactly 
to 2 ft. 9 ins. diam., and in section equal in strength to the 
form shown on the standard drawing. The boss to be bored 
out, and the wheel forced on to the axle by hydraulic pres- 
sure of not less than 50 tons. No keys are to be used. 

If preferred the body of the wheel may be cast of steel of 
approved design. 
Stamping of ironwork and steelwork. 

18. All ironwork and steelwork to be stamped distinctly 
with the name or initials of the owner. 

APPENDIX. 

EXAMINATION AND TESTS OF BEARING AND BUFFING SPRINGS. 

19. The bearing springs to be made in accordance with 
the standard drawing or pattern, and all springs to be of the 
best workmanship, closely fitted, and well tempered ; the 
inspector will examine the springs as manufactured, and shall 
reject any he may consider defective in material or workman- 
ship, or that do not stand the following tests : — 

(a) Each bearing spring to be brought back under the 
scrag until the plates are quite straight, and then to resume 
its original cambre ; and the back plate, when detached from 
the rest of the plates after scragging, to stand up to 5 ins. 
cambre. 

(b) Each laminated buffing spring to be brought back under 
the scrag quite straight, and then to resume its original 
cambre ; the back plate, when detached from the rest of the 
plates after scragging, to stand up to 12 ins. cambre. 

(c) Each spring to be scragged without the buckle. 

TESTING OF STEEL TYRES AND AXLES. 

20. (a) Each tyre of the diam. of 3 ft. 1 in. to be guaranteed 
to Stand without fracture the test of being compressed 4 ins. 
by hydraulic power, the compression to be continued until 
the tyre is broken. Also each tyre must be guaranteed to 
stand a tensile strain of not less than 35 tons per sq. in., with 
25 per cent, of elongation ; the test length to be 3 ins. 

(b) The axles to be capable of standing the following test, 
without fracture, viz., five blows from a weight of 2,000 lbs. 
falling from a height of 20 ft. upon the axle, which shall be 
placed upon bearings 3 ft. 6 ins. apart, and turned after each 
blow. After the fifth blow the axle to be broken. Also each 
axle to be guaranteed to stand a tensile strain of not less than 
35 tons per sq. in., with 25 per cent, of elongation ; the test 
length to be 3 ins. 

(r) The maker shall provide, at his own expense, one 
additional tyre and one additional axle in every fifty, or any 
less number ordered, to be selected from the bulk by the 
inspector, for testing in the manner above described, after 
which they shall be given up to the buyer, if required. 

(d) The tyres and axles tested to be held to represent 
correctly the quality of the lots from which they are taken. 



(e) Each tyre and axle to be stamped while hot, with the 
day, month, and year when made ; and any tyre or axle fail- 
ing before it has run 12 months, to be replaced at the expense 
of the maker. 

(/) The maker's name and also blow or cast number to be 
well stamped upon each axle, and on the outer edge of each 
tyre. 

TESTING OF WROUCHT-IRON AXLES. 

21. (a) The axles to be capable of standing the following 
test without fracture, viz., five blows from a weight of 2/>oo 
lbs. falling from a height of 20 feet upon the axle, which shall 
be placed upon bearings 3 ft. 6 ins. apart, and turned after 
each blow. After the fifth blow the axle to be broken. 

{b) Also each axle to be guaranteed to stand a tensile strain 
of not less than 22 tons per sq. in., with not less than 25 per 
cent, of elongation ; the test length to be 3 inches. 



Rules for Automatic Signal Working. 

It may be of interest and service to have the Standard Rules 
of the American Railway Association as to Automatic 
Signals. 

They are as follows : — 

Rule No. 501. 

Home Signals. 

Occasion for use. Indication * Name, 

The sifi^al will for enginemen as used 

appear when and trainmen. in rules. 

(a) Red. Block is not clear. Stop. Stop-signal. 

(6)White. Block is clear. Proceed. Clear-signaL 



Signal, 
colour. 



Signal, 
colour. 



Where the semaphore is used the governing arm is dis- 
played to the right of the signal mast, as seen from an 
approaching train, and the indications are given by positions : 

Horizontal as the equivalent of (a). 

Diagonal 60 below the horizontal as the equivalent of (6). 

Where a single disc is used for two indications these are 
given by position of a *'red** disc, as seen from an approaching 
train : 

Disc displayed as the equivalent of (a). 

Disc withdrawn as the equivalent of (ft). 

Distant Signals. 

Occasion for use. Indication Name. 

The signal will for enginemen as used 

aopear when and trainmen. in rules. 

(c) Green. Block is clear. Approach next Caution- 
Second block in ad- home signal pre- signal, 
vance is not clear, pared to stop. 

(i) White. Home signal is at (ft). Proceed. Clear-signal. 

Where the semaphore is used the governing arm is dis- 
played to the right of the signal mast, as seen from an 
approaching train, and the indications are given by positions : 

Horizontal as the equivalent of (r). 

Diagonal 60 below the horizontal as the ec^uivalent of (d). 

Where a single disc is used for two indications these are 
given by position of a '' green '* disc, as seen from approaching 
train : 

Disc displayed as the equivalent of (c). 

Disc withdrawn as the equivalent of (rf). 

502. Block signals control the use of the blocks, but, unless 
otherwise provided, do not affect the movements of trains 
under the time table or train rules, nor dispense with the use 
or the observance of other signals whenever and wherever 
they may be rec^uired. 

503. Block signals apply only to trains running in the 
established direction. 

504. When a train is stopped by a block signal it may pro* 
ceed when the signal is cleared. Or it may proceed after 
waiting one minute and then running under caution. 
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505. When a signal is out of service the fact will be 
indicated by special bulletin notice. 

Trains finding a signal out of service must, unless other, 
wise directed, proceed with caution to the next signal. 

506. When a train is stopped by a signal, which is evidently 
out of order, and not so indicated, the fact must be reported 
to the superintendent and the signal engineer. 

507. When signal masts located at junctions or diverging 
points carry three signals, the third or bottom signal marked 
•♦ X '* is the governing home signal for the diverging route. 

508. When cars arc placed on sidings they must be left far 
enough from the main track to clear the wooden splice blocks, 
otherwise the signal for that block will remain at stop. 

509. Indicators are placed as follows : 

{Ay At all siding switches leading 10 the main track or at 
derails controlling movements to the main track. 

(B), On the siding switch of all cross-overs leading from side 
track to main tracks. 

(C). At each switch of a main track cross-over. In such 
cases the indicator at the switch in the east bound track 
relates to train movements on the west bound track, and the 
indicator at the switch in the west bound track relates to train 
movements on the east bound track. 

510. The purpose of indicators is as follows: — 

{a) To notify trainmen when a train is approaching. 
(b) To notify trainmen when the block between any 
particular indicator and the next home signal is clear. 

511. All indicators located in any particular block display 
a red disc from the time a train enters the second block bacK 
until it has passed out of the block in which the indicators 
are located. Indicator discs may be seen at night by using 
the hand lamp. 

512. Trainmen opening switches must be governed as 
follows : 

(a) No switch shall be opened without taking precaution for 
protection as prescribed by rules 99 and D 1 52. 

(b) Immediately after the passage of any train at a switch, 
and while the rear end of such train is in sight, trainmen may 
open the switch while its indicator is red, provided precautions 
have been taken as prescribed by the train rules. In no case, 
however, must a train moving from a siding to the main track 
use a main track cross-over unless the indicator for the 
opposite track is clear. 

(c) A train passing from one main track to the other or out 
of a siding while the indicator is red, must proceed as 
prescribed by rule 504. 

513. Each switch leading to the main track and each switch 
in the main track is provided with switch instruments 
connected to the switch point in such a manner that the 
opening of any switch will hold the home signal of the block 
in which the switch is located at stop, and the corresponding 
distant signal at caution, until the switch is again closed. 

The opening of a switch at either end of a main track cross- 
over holds the signals in both directions at stop in the same 
manner. 

514. A train must not move over the wooden splice blocks 
in passing from a siding to main track until the person 
attending the switch has examined position of indicator and 
given the proper signal. 

515. Numbers are placed on the mast of all automatic 
signals ; trainmen may designate the automatic from all other 
fixed signals by these numbers. 

516. Conductors must report to the signal engineer and to 
the superintendent of the division by wire from the next 
stopping place where there is an open telegraph office all 
delays caused by signals (except delays known to have been 
caused by a train in the block) giving the number of each 
signal at which the delay occurs. 

517. Conductors, before reporting stops as ''causes 
unknown," must in all cases ascertain from enginemen if such 
stops were caused by a train in the block or an open switch. 

518. In foggy or stormy weather when signals cannot be 
seen plainly the si{[nals must be approached cautiously so that 
enginemen and trainmen can see and interpret them correctly. 



Always bearing in mind that safety is of greater importance 
than making time. 

Some explanation may be useful to readers on this side of 
the Atlantic. 

Rule 502, as above worded, may be difficult to understand, 
but the interpretation is that the lowering of a signal is not 
to abrogate any instructions that may have been issued as to 
the running or movement of the train. 

Rule 504 more certainly needs some explanation. 

With non-automatic signalling no train may pass a starting 
or home signal at danger, for it is an indication to a driver 
that the signalman has not received an intimation that the 
section ahead is clear. And it has always been urged that 
behind the signal is the signalman's intelligence. But all this is 
different to an automatic signal that may be fixed miles from 
a signal-box, and which like all mechanical appliances is 
liable, though rarely, occasionally to failure. Therefore some 
provision has to be made against a driver waiting an 
indefinitely long period at a signal that is out of order. The 
American rule, which has been adopted on this side of the 
Atlantic too, is that a train must stand for one minute at a 
signal and may then go forward into the section •* under 
caution,*' i.e,, prepared to stop at any point. On getting to 
the next signal if that is in work and •• clear " he will resume 
ordinary running. 

Rule 508 refers to '* splice-blocks." These are insulated 
joints. In America safety points are not generally provided 
in sidings at the fouling point and the ** splice-blocks " are 
fixed there so as to indicate that the train is *' inside." 

Rule 509. The indicators referred to in this Rule are those 
fixed at sidings to show whether the two sections in the rear 
and the section in advance is clear. 

Rules 99 and D 152, referred to in Rule 512 (0), refer to 
the protection of a train by the flagman as is customary on 
American roads. 

Rule 512. The second paragraph (b) allows a train to shunt 
out of a siding on to a line where a train has passed and is 
going forward, although the indicator for the advance section 
is showing red. 

Rule 513. The caution position of the distant signal, 
referred to in this Rule, is the '* on " position. 

Rule 514 means that no train must leave the siding until 
the indicator has been examined. 



Construction of a Concrete Railway Viaduct/ 

The viaduct in question is situated at Cannington, on the 
Axminster and Lyme Regis Light Railway, which now con- 
nects Lyme Regis with the Yeovil and Exeter line of the 
London and South-Western Railway. It consists of ten 
elliptical arches of 50 feet span, its total length being 600 feet, 
width over spandrels 16 feet, maximum height to rail-level 92 
feet, and gradient i in 80. It affords an example of the recent 
application of concrete to viaduct construction and to arches 
of somewhat large span. With the exception of the concrete 
blocks in the vertical faces of the arches, the work throughout 
is mass concrete. 

The geological strata are greensand and blue lias clay. 
The foundations, originally designed for a pressure of 3^ tons 
per square foot, were enlarged to give pressures ranging from 
i^ ton to 3 tons per square foot. 

The concrete used consisted of crushed flints and Portland 
cement, the crushing 3rielding sufficient grit to make the 
addition of sand unnecessary except in special cases. The 
concrete was hand-mixed, and for transporting this and other 

* Abstract of a Paper by Messrs. A. Wood-Hill and £. D. Pain, read 
before the Inst.C.E., December, 1904. 
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materials a cableway of 1,000 feet span was erected across the 
valley, the piers being built without scaffolding. 

The piers were carried up in rectangular lifts of diminishing 
size, instead of having a continuous batter, the lifts being 
6 feet deep. The concrete was deposited in wooden boxes of 
this depth, which were bolted up on the ground and hoisted 
into position. The mode of filling and striking the boxes, 
which there are eleven, is described. The work in all the 
piers was advanced as far as possible at the same rate. 

Two rows of corbels were built in the top lift of the piers 
to support the arch-centering. This consisted of four built 
ribs, the centre portion of which was tied by a framework, in 
the form of a Warren girder, supported in the middle by 
raking struts from the lower row of corbels. The ribs, 
including the lattice-work, v/ere set in one piece, and four tie- 
bolts were placed in the span to assist the piers in taking the 
thrust. 

The faces of the arches were built in concrete blocks, of 
which two similar ones on opposite sides of the viaduct were 
set simultaneously by a rail attachment to the cableway ; and 
by adjusting the chains attaching the blocks the latter were 
suspended at the angles required by their position in the arch. 
The blocks were keyed in advance of the mass concrete, in 
order that the adhesion of the latter to the toothing of the 
blocks might relieve the centres of some of the weight. 

Expansion joints were formed through the arches, spandrels 
and parapets, and are found effective in giving play for 
expansion and contraction and any slight movement due to 
settlement. In turning the arches, the centering, although 
apparently light, was found to be sufficiently rigid, and the 
setting was facilitated by the ribs being made in one piece. 

The settlement of the piers was for the most part fairly even, 
and, being adjusted as the work proceeded, did not affect the 
concrete ; but the settlement of the west abutment and first 
pier was greater then elsewhere, and crushed the crown of the 
first arch. Two diaphragm-walls were built in brickwork in 
cement in the third span, to enable it to act as an abutment, 
and concrete needles were built in the embankment between 
the first and second piers; the crushed portion of the first 
arch was cut out and made good in brickwork, and the parapets 
over this arch were completed. Particulars are given of the 
cost of the viaduct, and a schedule is appended of the results 
of tests of sample blocks made from materials used in the 
concrete. 

The Authors believe this is the first instance in which piers 
of a similar height have been built without scaffolding, and in 
which the centres of a 50-foot arch have been designed for 
setting in one piece. 



Roaring Rails. 

Mr. G. Moyle has collected such information as is available 
on this subject, and this, supplemented by notes from 
various sources, is published as Technical Paper No. 158. 
** Roaring " is caused by the development of furrows or 
corrugations across the running head of the rail, usually 
oblique to its length. Such rails do not in the least resemble 
galled or pitted rails. 

Of the ascertained facts which are recorded, the most 
important seem to be that roarers are seldom found except 
where the road is packed and boxed with coarse brick or burnt 



clay, or on open girder bridges ; that if the brick t>oxiog be 
removed and replaced by earth, the trains tend to wear the 
rails smooth again ; that the ridges resist the action of a file 
and the metal in the hollows is soft, and in some cases cracks 
tend to develop, so that if the rail be inverted, or the position 
of the sleepers altered, there is risk of fracture ; and that 
"roarers*' taken out of the track, planed smooth and 
replaced, have again developed roaring. 

Various suggestions which have been made as to the cause 
of roaring are enumerated ; some of these are obviously 
incorrect, and most of them rather vague. The unequal 
distribution of the pearlite and ferrite in the metal, especially 
when the proportion of manganese is high, is one of the 
suspected causes, but as the areas of segregation are 
microscopic, this alone does not account for corrugations, 
the pitch of which varies between 0*50 and i'i4, with a mean 
of 0-74 inch and a mean depth of 0-0035 inch. 

In a Note prepared in the office of the Director of Railway 
Construction it is stated that roarers develop from rails which 
when first laid were flat. Of the numerous statements in the 
Paper this is perhaps the most difficult either to prove or 
disprove. It is certainly exceptional for the head of any new 
rail to be absolutely flat, it is nearly always more or less 
marked by a series of shallow scratches, with corresponding 
ridges between them, produced by the rubbing of the flange of 
the rolls, in the last pass, across the head of the rail. This is 
noticed by the Executive Engineer, North-Western Railway, 
Karachi. The passage of the wheels over such a rail tends 
to produce alternate hard and soft places, the difference in 
hardness being greatest where the rails were originally 
comparatively hard, and least where they were comparatively 
soft. Any predisposing cause to vibration synchronous with 
the pitch of these hard and soft places will tend to accentuate 
the difference, the hard parts becoming harder and the softer 
metal being squeezed into the hollows ; the action of rust will 
tend to further increase the inequalities. The hard and soft 
patches would in time extend down some depth into the head, 
which would account for a roarer becoming a roarer again 
after its head had been planed smooth. If the conditions are 
unfavourable to the production of vibration, the rail may be 
worn approximately even again before the difference in 
hardness becomes marked. Running over a new rail nearly 
always produces a harsh sound, which sooner or later 
generally ceases, a result probably produced by a change from 
a rough to a smooth (but not necessarily even) surface, during 
which the seeds of subsequent •* roaring " are laid. This may 
not become noticeable or objectionable for some time, but the 
mere fact that it is not noticed is no evidence that the head of 
the rail is flat. It is not necessary to suppose that the 
original inequalities were at an approximately uniform pitch 
throughout the length of the rail ; a few consecutive ones of 
about the same pitch would, under favourable conditions, tend 
to produce others of similar pitch on the rest of the rail. 

Some clue might be obtained to the manner in which they 
are formed by tracing their exact outline with some device 
which greatly magnifies the inequalities. Such a method 
would probably show a distinct difference in form on single 
and on double line, and discover incipient corrugations on 
rails not classed as roarers. 

This would throw some light on the progress of the disease, 
and might suggest some more satisfactory remedy than 
boxing with earth. — Indian Engineering. T 
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Distribution of Electrical Energy** 

The paper deals first with the attitade of the Legislature 
towards the electrical industry, and recites some of the points of 
the 1882 Electric Lighting Act, which retarded the progress of 
electrical development. It then deals with the improved 
clauses under the 1888 Electric Lighting Act. Reference is 
made to the removal of restrictions upon undertakers which 
would be effected by the Electricity Supply Bill, promoted by 
the Board of Trade in the last Session of Parliament, and a 
hope is expressed that this will soon become law. Mention is 
also made of the falling-in of the leases of borough tramways, 
and the effect of electrical traction upon the output and load- 
factor of the generating station. The Author then describes 
the various systems by which electricity is at present 
distributed, induding direct-current two- and three-wire 
distribution ; direct-current high-tension generation, and low- 
tension distribution; single-phase, two- and three-phase 
currents, high-tension generation, and low-tension distribution; 
three-phase high-tension, and low-tension direct-current 
distribution. 

After dealing with the limits of pressure as defined by the 
Board of Trade, and the results of the work of the Engineering 
Standards Committee in settling upon standard periodicities, 
the systems of supply are more thoroughly criticised, and the 
single-phase system is set aside as being inapplicable for 
general supply, as is also the direct-current high-tension 
system. The Author is of opinion that the distributing 
systems which are likely to be adopted in the future are : — 

I. Direct-current, two- or three- wire, for small districts; 
a. Single-phase high-tension for railways ; 

3. Two-phase high-tension generation and low-tension 

distribution (for existing single-phase systems of 
general supply) ; 

4. Three-phase high«>tension generation and direct-current 

low-tension distribution (for existing direct-current 
systems in large districts, and for railways of short 
length); 

5. Three-phase high-tension generation and low-tension 

three-phase or six-phase distribution (for entirely 
new and large districts). 
Diagrams accompanying the paper demonstrate the econo- 
mical radii of supply by direct current at 500 volts for 
different loads transmitted and by the high-tension sub-station 
method, the result being that above the undermentioned 
distances the high-tension method is more economical, viz. : — 
Kilowatts. Economical radius. 

250 ... ... ••• 1*6 mile. 

500 1*25 „ 

1,000 ... ••• ... i*o6 „ 

With regard to the effect of storage at sub-stations, the 
Author believes that storage will be more largely resorted to 
in the future ; and figures are given in support of this view. 
He then proceeds to discuss the economical limit of pressure 
for high-tension supply by underground cables, and gives 
curves to show that for general purposes, in Great Britain, 
6,600 volts is, approximately, the economical pressure. The 



* Abftract of a paper by Mr. John F. C. Snell. read before the Institution 
of Civil Engineers. November, 1904. 



effect of the cost of insulation of extra-high-tension cables is 
also discussed* The paper next deals with the cost of over- 
head transmission of high-tension currents, and reasons for 
fixing upon a pressure of 20,000 volts in this country, are 
given. 

As to the cost of supply, the ideal figure given by Colonel 
Crompton in 1894. is stated to have been surpassed. A new 
ideal figure is given by the Author, based upon further 
experience gained in the past 10 years ; and he predicts the 
costs which are likely to be charged to various classes of 
consumer. 

Turning to transmission-lines, a description is given of the 
practice adopted in extra-high-tension underground cables, 
and the risks which have to be guarded against. The 
mechanical and electrical construction of overhead lines for 
extra-high pressures is also dealt with. 

The paper then enumerates various classes of sub-station, 
covering static transformers for three-phase low-tension distri- 
bution ; static transformers with rotary converters for direct- 
current distribution ; and synchronous or induction motor- 
generators for direct-current distribution at the higher 
periodicity. Descriptions follow of the various sub-stations 
erected by the Author, with curves of their outputs, and 
particulars of their efficiencies. 

The various methods of distributing energy at low pressute 
are classed as follows : — 

I. — Conduit or Draw-in System. 

1. Bare-copper-strip systems, strained and unstrained. 

2. Cables insulated by india-rubber, vulcanized bitumen, 
or other dielectrics drawn into stoneware casings, Callender- 
Webber bitumen casings, fibrous conduits, cement casings, 
and cast-iron or wrought-iron pipes. 

U.— Buried or Solid System. 

1. Vulcanized bitumen, dialite or other insulated single 
cables, laid in iron, stoneware, or wooden troughing, and 
surrounded by molten bitumen or pitch. 

2. Concentric cables, paper insulated, and lead covered, 
laid in the same manner. 

3. Single-phase or concentric cables, each protected by its 
own sheathing of steel tapes or wires, laid direct in the 
ground. 

The relative merits of these systems are fiilly discussed, 
and a curve is given showing the respective capital costs of 
the systems. 

The Author then deals with the systems of distribution 
adopted in tramway construction, and their relative advan- 
tages and disadvantages. 

The question of fusing the general network, and the fixing 
of section-boxes is gone into fully; the Author deciding 
against fuses, except in concentric networks, and strongly 
advocating the use of section boxes for sub-dividing the 
network. 

The paper concludes with some particulars of the supply 
of electrical energy to short and long-distance railways. The 
Author believes that a modification of the present third-rail 
system will remain with short-distance railways, and that 
improved methods in the application and control of single- 
phase currents will be adopted for long-distance railways. 
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Rolling Stock for Belgian Light Railways. 

In our issue for last September we illustrated and described the permanent-way which has been 
adopted for the great system of successful light railways extending all over Belgium, and which is controlled 
by the Soc. nationaU des Chemins dc Fer Vieinaux. We are now able by the courtesy of Mons. C. de Burlet, 
Directeur general of the SocUU^ to publish the annexed diagrams and particulars of the types of carriages 
and wagons which are used, »nd we hope to be able in a future issue to give some further details 
respecting them. 

It will be noticed that the wheel base of most of the vehicles is given as i*8oo ;», but this dimension 
refers to the older stock, as all the newer stock is being built with a wheel base of 2*400 m. T)ie wagon 
illustrated on p. 59 is for transporting standard gauge rolling stock on their own wheels, and thus save the 
cost of transhipping the load. 



Locomotive, weight 27 metric tons, Soci^t^ Nationale des Chemins de Fer Vicinaux. 

Length over buflfers 7 028 Height from rail to centre of buffers y5i 

Height from rail to top of chimney 3-650 „ „ „ ,. drawbar 401 

Length of tanks outside 4*640 .. •• »» •• boiler I'Oio 



Locomotive, weight 18 metric tons, Soci^t4 Nationale des Chemins de Fer Vicinaux. 
Length over bufiers 6202 Height from rail to centre of buffers ^^^ $tx ^ 

Height from rail to top of chimney 3047 .. .. »• •• ^'?,'*' ^^'•* nir.i+'i^^H*Kx/ C'\(7tC>(jl P 

Length of tanks outside .. •/ 3821 boiler .. Digitized -by VJlVa«^^LV^ 
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Ceotres of bogies 5'ioo 

Wheel base oa bogies O'qoo 

Length over beadstocks 7400 

Width over all projections . . . . 1.630 

Length of buffers 0470 



20-ton Wagon forcarrpng broad guage wagons. 

Height from rail to centre of buffers • • 0590 

., .. M M draw bar 0*430 

Thickness of floor 0*040 

Height of floor from rails • • • • 0*855 

Width of floor 1*330 



Gauge of tranship rails . . 
Height of tranship rail • . 
Maximum height from rail 



1*435 
0'6oo 
0855 



New Design of Car Wheel. 

Messrs. Gbo. W. Curfman and John W. Corts, of 
Cleveland, O., have obtained a patent upon a new design of 
car wheeL This invention is an improvement on the special 
type of wheels known as paper wheels, and its object is to build 
a wheel of this character which will run noiselessly, and to 
provide a wheel on which the tyre portion may be readily 
removed for renewal. The central portion of the wheel is 
composed of a gray iron body of a form shown in the 
illustration. This body is arranged with two flanges, the outer 
one being of less diameter than the inner one. Connecting 
with the outer flange the section of this body consists of a 
narrow, straight tread slightly less diameter than the flange, 
then a central tread inclined at an angle of about 32^ degrees, 
then the inner flange. The corners between the inclined and 
straight treads are rounded. The paper or cushioning material 



Offlcial. Reports on Recent Accidentt. 

Near Talycafn, L. & N. W. R„ on the 5/* July. Col. if. A . 
Yorke reports that : — 

The engine of the 10.25 a.m. passenger train from 
Llandudno to Bettws-y-Coed left the rails shortly 
after passing the 7^ mile post, and after running along the 
ballast for about 100 yds., was overturned to the right of the 
line. The remainder of the train also became derailed, the 
leading coach being upset on the right side of the line, while 
the other vehicles turned to the left, and came to a stand on 
the ground at the side of the railway, the first one being 
turned over on its side, and all of them damaged. The 
driver and the fireman were injured. About aoo yds. of the 
permanent way was damaged, of which a half was distort^ 
and thrown out of alignment (see fig. i). 



is formed in a ring having a similar section to that of the 
wheel centre, and is of a thickness slightly greater than half 
the difiierence in diameter between the flanges and straight 
tread portions. The tyre has an interior surface of a similar 
section with no arrangement for the flanges. The exterior 
section of the tyre is of standard tyre section. In assemblying 
the wheel the cushioning material is put into place around 
the centre and then the tyre bolted on by horizontal bolts 
connecting through the cast iron centre and drawn up into 
place, which operation compresses the cushioning and forces 
part of it out between the flanges and the tyre. The general 
construction shows plainly in the illustration. — The Railway 
and Engineering Review, 



Fig. X. 

The line between Llandudno Junction and Bettws-y-Coed 
is single and follows the valley ot the river Conway. At the 
site of the accident the road bed is carried on a low embank- 
ment, which is floated on the bog, or moss. It is practically 
level, and on a curve to the left, varying from 32 to 37 chains 
radius (see fig. 2). 

The permanent way consists of bull-headed steel rails, laid 
in 1878, when they weighed 75 lbs. per yd., their present 
weight being about 71 ^ lbs. The rails are of superior 
quality ; some of them were badly twisted, but none of them 
were broken. New sleepers were laid in 19029 xi sleepexs 
to a 30-ft. rail. The chairs, which weigh 45 lbs.* are. 
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to the sleepers by two coach screws and two spikes each. 
The sleepers were supplied from Garston where the chairs 
are attached to them by machinery, so that the gauge was 
correct The gauge on the curve was the same as on the 
straight. The road is well ballasted with broken granite, and 
was in first class order. 

The ends of the curve are eased off by transition curves so 
as to render the curvature as gradual as possible. 

The engine is an 8-wheeTed 4-coupled side tank engine 
with radial axles at either end. It was built in 1883, and was 
last in shop for general repairs in January, 1903, when the 
tyres were turned up, and left a^" thick. 

The wheel base of the coupled wheels is 7 ft. 9 ins. and the 
centres of the leading radial axles are each 6 ft. 9 ins. from 
the centre of the nearest driving axle. The weights on the 
wheels are : — Leading (radial) 10 tons i cwt. ; leading driving 
13 tons 10 cwt. ; rear driving 13 tons 6 cwt. ; trailing 
(radial) 9 tons x cwt. ; total 45 tons x8 cwt. The coupled 
wheels are 4 ft. 8^ ins. diam., and the radial wheels 3 ft. 3 ins. 

The cylinders are in front of the leading wheels, the over- 
hang of the frame of the engine beyond the radial axles being 
at the leading end 5 ft., and at the trailing end 3 ft* Q ins. 

The radial axles have a lateral movement of if ins. on 
each side, and are normally held in a central position by 
means of helical springs. Axles of this description have been 
in use for many^ years on the L. and N. W. R. 

After the accident the front portion of the engine was foimd 
to be firmly imbedded in the marshy ground on the right- 
hand side of the line. It had turned completely round so 
that its chimney was then facing towards Llandudno. It 
was not raised from that position until a fortnight later, when 
it took eight locomotives to haul it out of the hole which it 
bad made for itself. The front carriage had also turned 
round, and fallen on its side on the roadway of the occupation 
level-crossing which exists at that spot. 

It is generally difficult in cases of derailment to arrive at 
a definite opinion as to the cause of the accidenti but there 
are circumstances attending this case which suggest a possible 
explanation of the occurrence. 

The marshy ground, a somewhat light rail, an engine liable 
to oscillate, and highspeed f6o m. an hour), in combination, 
are sufficient to account for tne derailment. A large number 
of engines of the same type have been in use for some years 
past upon the L» and N. W. R. without accident, but they 



cannot be regarded as express engines, and are not usually 
timed to run at a speed of 60 m. an hour. In view of the 
experience gained by the present accident, it would be 
advisable to limit the speed of engines of the type in question 
to 40 miles an hour as a maximum. 

At Broad Street Station, N. L. R., on tk$ 18/A August. 
Lt.'CoL P. G. von Donop, /?.£., reports that : — 

The 9.46 a.m. up passenger train (engine and 13 vehicles) 
from Poplar to Broad Street, ran into the 10.15 a.m. down 
train (engine and 13 vehicles), which was standing on one of 
the bay platform lines. 

Six servants and 56 passengers were injured. The 
damage to the rolling stock was considerable. 

Both engines were of precisely similar construction, and all 
the vehicles were four-wheeled, fitted with the vacuum brake 
to all wheels. 

There are two sets of main lines running into Broad Street 
Terminus. The Poplar train was running into the station on 
No. I up line, which is on the south side on No. i down line. 
The station has 8 bay platform lines, but the only ones 
connected with this accident are Nos. i and a, which are on 
the south side of the station, and which run alongside each 
other between Nos. i and 2 bay platforms. These platforms 
are each 545 feet in length. Each of these platform lines is 
signalled both for arrival and departure, and the signals for 
trains departing from and arriving at them are just beyond 
the end of each platform. 

At the time this collision occurred the Chalk Farm train 
was standing on No. i bay platform line with its engine 15 
yards in rear of its starting signal, and it was due to start in 
about four minutes. The Poplar train was entering the 
station, and it was due to run into No. 2 bay platform line 
which was empty at the time. 

There is a signal-box, known as No. i signal-box, situated 
just to the north of No. i up and down lines and 80 yards 
from the east end of the station platforms. 

The next signal-box in the down direction is Skinner Street 
signal-box, which is on the south side of the main lines, and 
situated at a point about 200 yards to the east of No. i box. 

There is on No. i up line a facing connection near No. i 
signal-box. The points of this connection lie normally for 
No. 1 platform line, but when. pulled, over they give access to 
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No. 2 platform line. It was through this connection that the 
Poplar train was due to run to reach No. 2 platform line. 
The splitting signals for this facing connection are close to 
the Skinner Street signal-box at a point distant 217 yards 
from the facing point. These splitting signals are worked 
from the Skinner Street box, but No. i signal-box has control 
over them by means of slots. 

The circumstances under which this collision occurred are 
clearly shown by the evidence of signalman Prior, who admits 
that it was primarily due to a mistake on his own part. 

The Poplar train had been duly offered to Prior, who was 
on duty in No. i signal-box, by the signalman in the Skinner 
Street signal-box. Prior had accepted the train and had set 
the road for it to run from the No. i up main line through the 
facing connection near No. i signal-box into No. 2 platform 
line ; he had then lowered his station entering signal and had 
taken off his slot on the splitting signal near the Skinner 
Street box for it. No. 2 platform line was empty at the time, so 
Prior had done everything quite correctly, and the interlocking 
prevented his shifting the above-mentioned facing points until 
the station entering signal had been put back to danger. 

Before, however, the Poplar train had reached the facing 
point Prior got the idea into bis head that that train had already 
run into the station ; he can give no explanation as to how he 
came to be under this impression ; if he had looked out in the 
down direction he could have seen the train approaching, or 
if he had looked in the up direction he could have seen that 
the train was not in the station, but he seems to have been so 
certain on the point that he did not consider it necessary to 
verify it by looking out in either direction. He accordingly 
put back both the splitting signal and the station entering 
signal to danger, and reversed the facing points, puttmg them 
back to their normal condition in which they lie for No. i 
platform line. He had no sooner done this than he saw that 
the Poplar train was entering the points; he at once realized 
what he had done, but it was then too late to take any steps in 
the matter. 

The driver and fireman of the Poplar train both state that 
they saw the signal for No. 2 bay platform at Skinner Street 
box was lowered for them, and that on rounding the curve they 
saw that the station entering signal for that platform line was 
also lowered. Having seen that this latter signal was at safety, 
both these men appear to have taken their eyes off this signsd, 
and neither of them noticed that it was thrown to danger just 
before their engine reached the facing point. The driver first 
discovered that he was on the wrong road when he was a few 
coach lengths distant from the engine of the Chalk Farm train. 
Steam had been turned off some four or five hundred yards 
back ; the driver at once applied his vacuum brake, but, though 
it worked well, his engine was then too close to that of the 
Chalk Farm train for his train to be stopped before the collision 
occurred. 

Prior has the highest possible character ; he has been 39 
years in their service, and they have always regarded him as 
one of their best and most reliable signalmen ; only two years 
ago he was specially awarded a gratuity in recognition of his 
promptness in averting an accident. 

Attention is called to the hours of duty worked by Prior 
previous to this accident. His usual hours of duty were 8 per 
diem. Owing, however, to its being the time of year at which 
the men take their holidays Prior had for the week previous to 
this accident been working beyond his usual hours, viz., for 
76 hours out of the 168, for the three days previous to the 
accident, he had been on duty for 37 hours out of 72, or slightly 
over 12 hours per diem. These hours were too long for the 
work of the heavy and responsible nature which Prior had to 
do, and they may undoubtedly be regarded as having led to 
his making such an unusual mistake. The company's serious 
attention should therefore be drawn to this point. 

Driver Seymour and fireman Maund cannot be entirely 
absolved from blame in this matter by reason of their not having 
seen that the station entering signal had been thrown to danger. 
The interlocking rendered it necessary for that signal to be 
put to danger before the points were shifted, and, as the points 
are provided with a locking bar, they must have been shifted 



bdfore the train reached them ; the points are 112 yards from 
the signal, and the engine must therefore have b^n at least 
130 yards from that signal when it was put to danger. Had 
these men been keeping a careful look-out they should when 
running through that distance have seen that the signal was 
against them. It must, however, be admitted in their favour 
that they had previously seen both signals off for them, and 
that it is most unusual for a train to be stopped after passing 
Skinner Street signal-box. 

* 

Near Tonteg Junction, Barry R., on the 6ih October. 
LL^CoL E. Druitt, R,E., reports that ;— 

A train, consisting of an engine, 50 empty wagons and a 
van, collided with a train loaded with pitwood. W. Henshaw 
the driver jumped off his engine and was killed by the first 
wagon of his train falling over on him, and the fireman was 
shaken. 

A train of wagons of pitwood was being formed at Tonteg 
Junction by joining up wagons dropped from previous trains^ 
when Pugh the signalman at the signal-box was offered a 
train of empty wagons from Cwm signal-box (the next one 
then open behind Tonteg Junction on the up line), and which 
he accepted at 3.4^ a.m. At that time the up siaing was full, 
or nearly so, and the engine and about 15 wagons of pitwood 
were standing on the up branch line to Treforest. having 
been placed there to clear the up main line to Hafod for the 
previous train which left at 3.40 a.m. 

After accepting the train of empties at 3.43 a.m., Pugh 
brought back the engine and wagons from the up branch line 
on to the up main line and they were joined up to the wagons 
in the up siding, and the train was ready to start and the up 
branch starting signal lowered at 3.50 a.m. But as the 
branch line is on a steep gradient, the train had to stop to 
pin down brakes soon after starting, and the rear of the pit- 
wood train had not cleared the siding when the train of 
empty wagons arrived, and over-running the home signals 
which were at danger, collided with the pitwood train at 
3.57 a.m. 

Henshaw, the driver, was apparently tmder the impression 
that the home and distant signals for the main line were "off" 
for him, although he could not see them owing to the lamps 
being extinguished. Under these circumstances it was, of 
course, his duty to have regarded the signals as being at 
danger, and to have come to a stop at the home signals. 
There is no doubt that at the time only one of the two Tiome 
signal lamps was burning, and this was showing a red light. 

But Pugh, the signalman, is very seriously to blame for 
bringing back the engine and wagons from the up branch line 
on to the up main after accepting the train of empties at 
3.^.3 a.m. He admits that he knew that by so doing he was 
infringing the rules for block working, and his excuse was that 
he thought there was time to get the pitwood train away on 
the branch before the arrival of the other train. The breach 
of block working at Tonteg Junction requires the serious 
attention of the Company as this was not an isolated case, and 
more care is apparently needed with the lamps of the signals. 

Outside St. Enoch Station, Glasgow, G. & S, W. R., on 
the 17M September, Major J, W, Pringie^ R.E,^ reports that : — 

A light engine ran into the g p.m. up passenger train» 
Glasgow to Kilmarnock. The light engine and 4 passenger 
vehicles were derailed and fouled the adjoining down line 
and were run into by the 8.25 down passenger train, Barrhead 
to Glasgow ; 19 passengers and one of the firemen were 
injured. 

The up train consisted of a 4-coupled engine, tender, and 
10 vehicles, equipped throughout with the vacuum automatic 
brake, working on the coupled engine and six tender wheels^ 
and 44 out of 62 coach wheels. The light engine was 
4-coupled and was running tender first. The down train 
consisted of a tank engine, and 8 six-wheeled vehicles, fitted 
with the vacuum automatic brakes The brakes were in good 
working order. D\g\r\ze6 by ^^OOg IC 
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The lines and ^^Rtials concerned in this collision are shown 
on the accompaoying sketch plan of the northern portion of 
St. Enoch Station, and the route traversed by the light engine 
is indicated by the heavy black line. The point of collision 

\ 



is marked B» and the signals concerned g, h, k, I (on the 
signal bridge^ and m. The first four of these sifsnals, which 
arc electric snunt signals, were *• cleared '* for the light engine. 
The last, w, is the up loop home (semaphore) signal at Clyde 
Junction, which stood at danger. The signals which 
governed the 9 p.m. up passenger train are marked c, d, e (on the 
signal bridge), and/, all of which are of the semaphore type, 
and were cleared (or the train. The last signal, / is the up 
Canal home signal at Clyde Junction, and was the signal 
taken by the driver of the light engine as referring to himself. 

The chain dotted line shows the route which the driver of 
the light en^ne thought he was taking. The shunt signal », 
the fourth disc signal from the left, on the bridge governs this 
route. 

It will be noticed that the direction of the railway lines 
changes from east and west alongside the station platforms, 
to north and south at Clyde Junction. 

The signalling arrangements in the station yard, and at 
Clyde Junction, have been quite recently installea, and are of 
the most modem description. 

Each group of signals on the bridge, a, i, spanning the 
lines at the east end of the station, is as far as possible 
immediately over the line to which it refers, and, as shown on 
the elevation of the signal bridge, given on the sketch, to each 
group is attached a numeral corresponding to the platform 
Une or road from which a train has started. 

With the object of rendering the signalling clearer, more than 
one signal has been sometimes provided for a single move-, 
ment. Thus the first, third and fifth disc signals on the 
bridge, counting from the left (vide sketch), refer to one and 
the same outward shunting movement on the up loop line, 
according as the vehicle is moved from No. i platform, No. i 
middle, or No. 2 platform road respectively. Similarly the 
first and third semaphore signals refer to a running movement 
on the same line, either from No. i or a plattorm roads. 
There are therefore five separate signals for an outward 
movement on the up loop line between St. Enoch signal cabin 
and the spot marked m. 

The following are the approximate distances from the 
buffer stops at the west end of No. i platform road to the 
undermentioned places measured along the up loop line : — 
Shunt signals at Dunlop Street 166 yds. ; starting signals 
near water column 300 yds. ; St. Enoch signal cabin ^ 
yds. ; signal bridge a, i, 438 yds. ; up loop line home signal at 
Clyde Junction 555 yds.; spot where collision occurred, 
marked A on sketch, 600 yds. 

It is proved that the 9 p.m. passengers train to 
Kilmarnock had been duly offered to, and accepted by, the 
signalmen in Clyde Junction and Gorbals Junction signal 



cabins. Further, that all the proper signals controlling the 
passage of this train, from No. 5 platform road in St. Enoch 
Station, on to the up Canal line past Clyde Junction, had 
been drawn " off,*' and that the Canal line home signal at 
Clyde Junction indicated " safety,'* when the collision 
took place. 

On the other hand, the light engine had been offered 
to, and refused by, the signalman in Clyde Junction 
signal cabin. Although, therefore, all the necessary 
shunt signals to authorise the light engine to draw 
out of No. I middle road on to the up loop line were 
standing at '* clear,'' the up loop home signal at Clyde 
Junction was at ** danger " when the engine passed it. 
The immediate cause of the collision was the un- 
authorised movement of the light engine past this 
home signal at danger. The driver, Glover, states 
that he was not aware that he was travelling on the 
up loop line. On all other similar occasions, after 
leaving No. i middle road and No. i platform road, 
he had travelled over the up Canal line through the 
crossing shown in the sketch by chained dotted lines. 
On this occasion he thought he was moving by this 
' same route, and therefore accepted the clearance of 
the up Canal line home signal as referring to his 
light engine. He had never previously travelled 
out of St. Enoch Station yard by the up loop 
line, and was not aware that any of the snunt signals on 
the signal bridge were applicable to a movement on this loop 
line. He stated that he had formed this opinion from the 
printed signalling instructions for St. Enoch Station, because 
they contained no mention of shunting signals for such a 
movement. The lines and crossings, especially in this north- 
east comer of the station, are. numerous and complicated. To 
a driver not intimately acquainted with the working arrange- 
ments they must present difficulties. At the same time to 
such a man the need of special caution and alertness must be 
obvious. Had Glover been travelling on the up Canal line 
he would have passed over three ordinary crossings as well 
as one diamond crossing west of St. Enoch signal cabin, 
whereas on the up loop line there are no points or crossings 
between St. Enoch signal cabin and the site of the collision. 
Moreover, after passing the signal cabin, the home signal he 
accepted as applicable to himself would have appeared on his 
left hand, if he had approached it by the up Canal line, 
whereas it showed on his right hand as he approached it on 
the loop line. Taking these facts into consideration, had he been 
alert and cautious he could not have failed to recognize that he 
was on a different road to that which he thought he was on. 

The evidence of the engineman, and of signalman Kerr, 
proves that the signals, especially in the northern part of 
St. Enoch Station, are difficult to read at sight by men not 
thoroughly conversant with all the details of. working in the 
station yard. It is also the fact that the signalling instruc- 
tion merely state that the third and fourth shunt signals on 
the bridge, counting from the left, are leading signals for 
No. I middle road. The explanation is not given that the 
fourth signal governs a movement on to the up canal line, and 
the third a movement on to the up loop line. In this respect 
the instructions are incomplete, and require amplification. 

But admitting that the signals are difficult to read, and that 
the signalling instructions are not fiilly explanatory, it is not 
clear why Glover, on receiving the third shunt signal, ^ould 
not have remembered that on other occasions he had received 
the fourth shunt signal, and consequently acted with greater 
caution than he did. 

It is highly desirable, both from the point of view of safety 
and for traffic purposes, that signalling in a large terminus 
should be as complete as possible. At the same time there 
is a danger to be guarded against, namel3r, confusion owing 
to a multiplicity of signals. The evidence in this case points 
to the necessity for adopting some method of ensuring that 
enginemen, especially those who are only occasionally called 
upon to work in a large terminus, are thoroughly conversant 
with the working arrangements and signalling. It does not 
appear to be sumcient to issue printed signalling instructions. 
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Financial Notes and Statistics. 

The market for Home Railway stocks has fluctuated in 
narrow limits, public interest being to some extent diverted in 
other directions. The dividend announcements so far 
published have been without special feature, but are distinctly 
satisfactory from an investment point of view. Those lines 
adopting electric power are attracting chief interest ; the 
change appearing to be more and more popular amongst the 
travelling public. For the 26 weeks of the half-year to 
December 31 last, the gross receipts of the 41 English and 
Welsh, the 7 Irish, and the 5 Scotch companies were 
;^ 51,894,000, a decrease of ;^3 14,000. Passenger traffic was 
;^90,ooo more, but goods takings were ;^404,ooo smaller. 

The extreme fluctuations officially recorded during the 
month of December last and during the year 1904 in the 
most prominent stocks are below. 

Dec. I to 3X/04. Jan. a to Deo.31/04 
Highest Lowest Highest Lowest 

Caledonian iiz zo8 zziV6 9^ 

Do. Pre! . Con. Ord. (3%) . . - 78M 76« 79% 7' 

Do. Defd. do 34 V6 32M 34 V6 26 

Central London 92M goVi 97 ^ 

City and South London Cons. Ord. • • 47 4SV6 52 4o]i 

East Ix)ndon Consolidated . • . . $% 5^ 6^ 4^ 

Fnmets 57 55V6 62V6 48M 

Glasgow ft South Western Pref.(a|%)Ord« 63M 63 67 62M 

Do. do. Deferred Ordinary 39 38 41$^ 33 

Great Central Preferred (6%) .. .. 31 V6 3oX 3^% 2i>S 

Do. Deterred 17A x^ 17A 12% 

Great Eastern 93H ^% 95 9z\i 

Great Northern Pref. Con. Ord. (4%) .. 103X 99)4 Z04 96 

Do. Def. Conv. Ord 41)6 39% 43 A 34* 

Do. "A" 37?i 36% 40 31M 

Do. "B" 152V6 151 «57 «46V4 

Great North of ScoUand Pref. (3 %) Ord. 73 73 73)6 70X 

Do. do. Deferred Ord. .• agH 299^ 309^ 269^ 

Great Western .. X42 139)6 '44% 130 

Highland 52 50H 52 40 

Hull, Barnsley. and West Riding Junctn. 42% 40M 44% 33 

Lancashire and Yorkshire iii^ 10796 iziK 87% 

London. Brighton, and South Coast •• 139% ^3^ '39% 123 

Do. do. Preferred (6%) .. 155)6 ^5^H '57 i45 

Do. do. Deferred .. .. 127)4 122V6 127^ 103 

London, Chatham, and Dover .. .. 17% t^ft <776 12^ 

Do. do. 4)6% i»t Preference 101V6 9996 104 87 

Do. do. 4)6% 2nd Preference 68 65 70V6 52 

London and North Western .. .. 156)6 '5' i59M 142)6 

London and South Western .. .. X58V6 152)6 '67 146 

Do. Pref. Conv. Ord. (4%) X05T4 X0496 xxoV6 xoo)6 

Do. Def. Conv. Ord. .. 54)6 52T^ 5896 4^ 

Louden, Tilbury, and Southend Con. .. 146 145 155 140 

MetropoUtan ioo96 96)6 xo2 83 

MetropoliUn District 4^H 39)6 44)4 32 

Do. do. 5% Preference .. 8596 849* 859ii 68 

Midland Prefened (2V6%) 68^6 66V6 71)6 64)6 

Do. Deferred 66 63V6 71 V6 59)4 

North British Ord. Prei. (3%) .. ..78 77 799^ 74 Jg 

Do. Ordinary 4896 47M 48)6 38)6 

North Eastern Consols X4o96 X37)6 '45)4 131)6 

North London 142 132 159^4 S32 

North Staffordshire 96)6 95)6 99 9o94 

Rhymney 20xV6 180 

South Eastern 9294 9i 98 82 

Do Preferred (6%) .. .• X33 128)6 13594 «X794 

Do. Deferred 5894 55)6 64)4 47 

TaffVale 7^)6 74 78)4 68)6 



The easy condition of the New York monc^ market is 
exercising a powerful influence over the market for American 
Railway shares. The commercial position in the United 
States continues highly encouraging and the chances of 
any disturbing legislation against railways are now con- 
sidered remote. Several further consolidations of interests 
are believed to be in prospect, consequently strong support is 
given by the financial houses interested. 

We subjoin the extreme fluctuations in the most active 
properties during the month of December last and d^nng 
the year 1904. 

Dec z to SI/Q4* Jui.t to Dee.3i,*04 

Hlgbest Lowest fUshett Lowest 

Atchison, Topeka, & Santa F^ Common 91^ 84)4 91^4 ^ 

Do. 5% Preference •• xo6V6 i<M)6 <o^ 9o96 

Do. 4 % Adjustment Bonds 97 V6 9^ i<x> 90)6 

Do. 4% General Mortgage X0694 105 107 looH 

Baltimore and Ohio Common • • . 107)4 99^1 107)4 75)6 

Canadian Pacific Common .. .. 238)4 X3x94 ^39)^ 112)6 

Do. 4 % Preference . • •* 103)4 io3)4 X0396 ioo)4 

Do. 4 % Debenture Stock •• xxi)4 xoS^ xix^ 105)4 

Chicago. Milwaukee. & St. Paul Common x8x94 17094 x8x^ i4x)4 

Do. do. 7% Preferred .• *• x8i)4 177 

Denver and Rio Grande Common •• 34^(6 3o76 3576 i^ 

Do. do. 5%Pielerted .. 9z94 ^6^ 9^^ ^ 

Do. do. 4 % xtt Mort. Bds. xo5)4 xoa 105)4 9994 

Erie Railroad Common 4x96 35tt 4^% 22)6 

Do. 4% xst Preferred .. 78)4 74* 78)4 5796 

Do. 4 % and Preferred 3596 3S96 

Do. 4% General Lien .« 94 91)6 94 85)^ 

Grand Trunk of Canada Ordinary •• 22^^ 1994 *^1t <i)6 

Do. do. 3rd 4% Pref. Stock 50)4 47)4 So)4 34% 

Do. do. 2nd 5 % do. 97)6 94)6 97X «o96 

Do. do. X8t5% do. X09 xo69b ^94 97H 

Do. do. 4% Guaranteed 99V6 97?^ <ox 95)^ 

Do. do. 4% Deb. Stock X07X xo696 X07K 103 

Illinois Central Common . . •• •• x62)4 145 x62)4 X3994 

Do. 4 % Gold Bonds. Z953 •• 10794 xo6)4 108)6 104)6 

Louisville and Nashville Common .. X5x96 13976 <5i96 103)6 

Do. 4 % Unified Bonds, Z940 xo6V6 103V6 xo6^ too)4 

Mexican Railway Ordinary Stock • • 2796 25 J6 29% 14)6 

Do. 8% xst Preference Stock xo8)6 xo696 xxi 6x)4 

Do. 6 % 2nd Preference Stock <oj^ 46^^ 53V6 2a 

Missouri, Kansas, and Texas .. «• 35)6 <976 37)6 <5^ 

Do. do. 4% Preferred.. 6696 6396 66% 3894 

Do. 4% 1st Mt. Bds.. 1990 X0394 xo3)6 xo6 99 

New York Central Common •• .. X4996 X37V6 X4996 ti696 

Do. 4 % Debenture. X905.. 102 X02 Z04 100V6 

New York, Ontario. & Western Common 45^ 42)4 48^ 20 

Do. 4 % Mort. Bonds, X992 •• .. xo7)4 loi 

N. Y., Penns., and Ohio 4% xst Mt. Deb. 93 92)4 94 89 

Norfolk and Western Common .. .. 82V6 77 ^^H 5594 

Do. 4%PrelereQce .. 94)6 94 95 $7 

Do. 4 % i^ Cons. Bds. X04 X04 X0496 96 

Pennsylvania (#50 shares) .. ... 7194 6896 7<94 57 

Reading Co. (#50 shares) . . 42^ 3896 42*^ 20^ 

Do. xst 4% Preference.. .. 47ig 45 47^ 38 

Do. and 4% Preference.. .« 4294 4094 4^94 28 

Southern Pacific Common .. .. 69)6 6i)4 70 )( 43^ 

Southern Railway Common .. .. 38)6 33ii 38)6 r8J6 

Do. 5%Prelerred .. .. 99)6 98)4 99)6 3i 

Union Pacific Common • xx9)6 X09 ^19^ 74 

Do. 4% Preference .. .. 99)6 97 99)6 88 

Do. 4 % xst Mort. Bonds 1947 'lo X07 xxo 1039^ 

Wabash Common 24)4 20^ 24)4 1794 

Do. Preferred (7 %) 48J4 42% 49)6 335< 

DO. 6 VB- Deb. Bds dTglize^by U'^C^lC 
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Viscount Ridley, of BlagdoD Hall, Northumberland, has 
been elected a director of the North Eastern R.. the vacancy 
having been caused by the death of Sir I. Lothian Bell. He is a 
son of the late chairman of the company. 

Mr, C. T. Yerkes, Chairman of the Underground Electric 
Railways Co. of London, Ltd., has been elected Chairman of the 
Metropolitan District R. in succession to Mr. R. W. Perks, 
M.P., who has retired into the deputy chair, in place of Mr. L. 
H. Isaacs, who has resigned his directorship. 

Mr. L. S, Smart, manager of the locomotive works, L., 
Brighton and South Coast R., has been appointed locomotive 
superintendent of the Central South African Rs. in succession to. 
Mr. P. A. Hyde, who has resigned. 

Mr. W. J. Hosgood, engineer and locomotive superin- 
tendent of the Port Talbot R. and Docks, has been appointed 
locomotive superintendent of the Rhodesian Rs. 

Mr. S. Hauxwell, assistant goods manager of the 
Lancashire and Yorkshire R., has* been appointed assistant 
passenger superintendent and goods trains superintendent in 
succession to the late Mr. Geo. Banks, and Mr. W. A. 
Marsden, district goods superintendent at Bury, to succeed Mr. 
Hauxwell. 



Mr. H. N. Gresley, assistant carriage and wagon superin- 
tendent of ihe Lancashire and Yorkshire R., Newton Heath, has 
been appointed to a similar position on the Great Northern R. at 
Doncaster, in succession to Mr. E. F. Howlden, who has re- 
tired, and he has been succeeded at Newton Heath by Mr. J. P» 
Crouch, assistant of the running department. 

Mr. R. Man sell, sssistant locomotive carriage wagoi> 
superintendent of the Great Southern and Western R. of Ireland, 
has been appointed assistant locomotive superintendent of the 
Great Northern R., in succession to Mr. D. E. Marsh. 

Mr. C. Lundie has, owing to his advanced age (being over 
90), resigned the position of general manager, engineer and 
locomotive superintendent of the Rhymney R., and which he had 
held for the past 43 years. He has been elected a director of the 
company. 

Estates left by Railway Men. 

The late Sir I. Lothian Bell, the great iron master and a 

director of the North Eastern R, — ^^768,6 76 gross and ^674.3 1 7 

net. 

The late Viscount Ridley, Chairman of the North Eastern R. 

— ;^535»^i6 gross and ^^281, 975 net. 

The late Mr. R. J. Billinton, for 15 years locomotive, 

carriage and wagon superintendent of the L. Brighton and South 

Coast R., about ;^4S,ooo net. 

New Regulations for Heavy Motor Cars. 
The " Heavy Motor Car Order, 1904," and the new regulations 
drawn up by the Local Government Board c^me into operation 
on the I St ultimo. They are of considerable interest to railway 
companies* for without doubt the heavy motor car will in the near 
future displace the horse-drawn van for the collection and 
delivery of goods. 

Under these regulations all motor cars of a greater tare 
weight than two tons is deemed to be " heavy," and the maximum 
tare weight permitted has been raised from three to five tons. 
This will remove the great obstacle, which has hitherto proved 
unsurmountable, to the construction of a really satisfactory heavy 
steam motor car. The joint tare weight permitted for a motor 
car and its trailer has been raised from four and a half to six 
tons and the gross weight to i2otons and the axle load to eight 
tons. 

The width of the tyres must be proportionate to the load 
carried and to the diameter of the wheel, but no plain, />., non- 
pneumatic or rubber, tyre must be less than 5 ins. ^ ide ; for 
example, a load of three tons on a wheel 3 ft. in diameter requires 
a tyre 8 ins. wide and on a wheel 5 ft. diameter a tyre 6 J ins. wide. 
No wheel may be less than 2fi. in diameter, and all vehicles must 
be spring hung. 

Cars of three tons tare and upwards may be 7 ft. 6 ins. wide, 
and the speed of such cars is limited to five miles an hour, 
but with a tare of less than three tons the speed may be eight 
miles an hour. 

The axle load of a trailer is limited to four tons, arid if the 
tare of a trailer exceeds one ton the rules as to the width of tyres 
for motor cars are to apply, but a minimum width of 3 ins. will 
be permitted. Trailers must not be used on stage carriages. 

Fmes not exceeding ;i^io may be inflicted for the breach of 
any of these regulations. Digitized by V^nOOQ IC 
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Fire and Water Proof Dynamos. 

A STRIKING instance of the durability of modern well-made 
electrical machinery comes from the United States. 

The New England Building at Cleveland, Ohio, is electrically 
lit throughout by a plant consisting of three Westinghouse 62.5 
K.W. engine type generators, installed in the basement ; which, 
through some carelessness, recently became the scene of a rather 
serious fire. The heat to which the machines were subjected 
was sufficient to completely burn away the insulation on the out- 
side of the field coils ; and for an hour they were played upon by 
six hose pipes. Within an hour of the extinction of the fire the 
first of these machines was carrying its full load, and another 
followed suit in a short time, the two dealing with the entire 
lighting of the building that under normal conditions was 
negotiated with three machines. 

With the exception of the outer layer on the field coils, which 
was burnt away, the insulation was fireproof, and easily withstood 
a heat that was sufficient to bum and blister the paint on the 
frames. The two elements most fatal to electrical machinery 
were thus resisted in a most unexpected manner, and in a way 
that proved the sound and good manufacture of the dynamos. 



Electric Traction on the L. Brighton and South Coast 
Railway. 

In connection with the above it is interesting to record that the 
L. Brighton and S.C.R. Co., acting on the advice of their con 
suiting electrical engineer, Mr. Philip Dawson, have decided to 
instal electric traction upon a length of about five miles of their 
suburban line between Battersea and Peckham Rye upon the 
overhead system, with a single high-tension overhead conductor 
for each line and single-phase motors. This system, which is in 
successful operation both in America and on the Continent, does 
away with the dangerous " live-rail ; " if it should be successful 
financially its use will be extended. 

Electrification of Suburban Lines. 
We note with regret that neither the Chairman of the North 
Eastern R. nor the Chairman of the Lancashire and Yorkshire R. 
were able at the recent half-yearly meetings to tell the shareholders 
anything as to the financial results of the working of the electrified 
sections of their railways. Both announced large increases in the 
numbers of passengers carried, but as to whether there was any 
profit in this traffic no information was forthcoming, and as chair- 
men are not given to concealing success one would be almost 
justified in assuming that at any rate there is no profit from these 
sections yet. 

Everyone knows that Mr. Aspinall does not expect to save 
money but to make money, in which case he will be cleverer than 
his American brother managers if we are to believe our contem- 
porary The Railway Age^ which, in answering its own question, 
remarks : — 

Are inter-urban electric railways profitable? It is getting to 
be time to have* figures which will throw some light on this exceed- 
ingly interesting question. While the constrliction and operation 
of long-distance electric roads may be said, in general, to be still 
in the exj)erimental stage, there are many such roads of from, say, 
10 to 50 and more miles in length which have been mnning for 



several years, and should give some idea of the relation of 
earnings to capitalisation and operating expenses. So far, 
however, there are few if any examples of purely inter-urban roads 
which are paying dividends, and the number which have been 
unable to earn interest on their bonds is not small. As a general 
proposition, to which there are exceptions, the operations of rural 
lines have been disappointing, both as to earnings, which have not 
come up to the predictions, and as to expenses, which have 
increased beyond all expectation. The latter condition is largely 
due to the expenditures found necessary in the way of track, 
rolling stock, station service, freight houses, sidings, telegraph and 
telephone equipment, &c., as a result of undertaking to compete 
for freight and passengers with the steam roads. 



Euston- Birmingham Express Service. 
The London and North-Western R. Co. evidently do not intend 
to have their valuable Birmingham traffic encroached upon by 
others without an effort. Until this month there was only one 
train that made the journey in two hours, viz., the 5 p.m. ex- 
New Street non-stop to Euston, and a very crowded train it always 
is. Now at one stroke the company have no less than eight 
two-hour trains, leaving New Street at 8.40 a.m., 11.25 a,m., 
2.45 p.m. and 5 p.m., and Euston at 11.50 a.m., 2.30 p.m., 
4.45 p.m. and 6.55 p.m. Some of these trains are accelerated 
existing trains, but four of them are new ones, and give the addi- 
tional service that has been wanted, since Birmingham suffered 
somewhat when the Manchester and Liverp>ool trains were 
accelerated. 

The company have improved their through service from Bir- 
mingham, Manchester and Liverpool to the South Coast towns 
via the Brighton Co.'s line. They have also improved the service 
from Birmingham to Stoke and have put on an additional train to 
London at 8.15 p.m. 

And a fast direct service between Oxford and Cambridge is 
another feature of the North-Western time-table for this month. 

•X- 
Railway Pictorial Post Cards. 

The new sets of Pictorial Post Cards issued by the L, and North- 
Western R. Co., and numbered from 15 to 28 inclusive, are now 
ready. Many of these are of exceptional interest, and the whole 
28 sets show practically every phase of railway working, past and 
present. 

It is satisfactory to note that the designing and printing are 
done in England by a new carbontype process, which gives the 
very best results. The cards can be obtained at the stations, in 
the trains, and from all the company's agents, price 2d. per set of 
six cards, or post free from Mr. F. H. Dent, Broad Street Station, 
London. E.C. The cards are also sold singly. 

Series Nos. i to 14 are as popular as ever, and over 1,400,000 
cards have been sold during the five months they have been on 
sale. Collectors and others interested in railways will no doubt 
quickly obtain the complete series. 

St. Louis Exhibition Award to the L. and North 

\Vestem Railway. 
The Special Jury at the St. Louis Exhibition conferred the 
highest possible distinction, that of the ** Grand Prize," upon the 
L. and North Western R. Co. for their exhibit, the previous 
award of *' Gold Medal " having been adjudged insufficient and 
withdrawn. r-^Jry 
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No other E^iropean railway has gained such honours, the 
nearest approach being silver and bronze medals. 

Railway Lantern Slides for Illustrating Railways. 
Lantern slides showing places of interest on the L. and North 
Western line are available for the purpose of illustrating lectures, 
&C, These are classified in the same order as the company's 
pictorial post cards, which will enable applicants to ascertain 
beforehand the general character of each slide, and there are in 
addition others, starting from No. 184, arranged under various 
•leads, such as views in North Wales, locomotives, &c. Boxes 
for packing the slides are in three sizes to contain 12, 25, and 50 
slides, the latter figure being about the maximum number lent for 
one reading. They are sent carriage paid to any lecturer in the 
United Kingdom, on the understanding that they will be returned 
at the earliest possible moment. 

Fast Run on the Baltimore and Ohio Railroad. 
On Sunday, October 23rd, the president's special on the 
Baltimore and Ohio, composed of three private cars, a dining 
and a baggage car, drawn by an Atlantic type engine, No. 1,461, 
made a run of 131 miles between South Chicago and Garrett, 
Ind., in 132 minutes, including time lost in making three full 
stops and several slow-downs. Between Avilla and Garrett, Ind., 
5 miles, the special attained a speed exceeding 90 miles an hour, 
and the run between Wellsboro and Ripley, Ind., 74 miles, was 
made in 61 minutes. — TAe Railway Age, 

Proposed Light Railways. 

The Board of Trade have recently confirmed Orders authorising 
the construction of the Hope^ Bradivdl and CastUton Light 
Railway in Derbyshire, from near Hope Station, M.R., to 
Bradwell and Castleton. 

Motor Car Speed Record. 

It is stated that at Ormond, Florida, on January 28th, in the 10 



miles race, Edward Thomas, driving a 100 h.p. Mercedes motor 
car, beat the world's record of 6 mins. 50 sees, by covering the 
distance in 6 mins. 31-8 sees. 



Compound 8-Coupled Goods Engine with Leading 
Radial Axle ; L and North Western Railway. 

By the courtesy of Mr. George Whale, M.InstC.E.. chief mechanical 
engineer of the L. and North Western R., we are able to publish 
the annexed illustration, which shows one of Webb's 4-cylinder 
compound 8-coupled goods engines, which has recently been con- 
verted to the "consolidation " type by the addition of a leading 
radial axle. 

The principal dimensions of the engine as altered are as under : 

Cylinders, two h.p 15 ins. diam. x 24 ins. stroke 

„ two I. p. ... ... 20^ ins. diam. x 24 ins. stroke 

Wheels, coupled 4 ft. 5 J ins. diam. 

„ leading 3 ft. diam. 

Wheel-base, leading axle to leading coupled axle ...6 ft. 4 ins. 

„ „ leading coupled axle to driving axle ...5 ft. 9 ins. 

„ „ driving axle to intermediate axle 5 ft. 9 ins. 

„ „ intermediate axle to trailing axle 5 ft. 9 ins. 

„ „ total 23 ft. 7 ins. 

Weight in working order distributed as follows : — 



On the leading wheels 

„ leading coupled wheels 

„ driving wheels 

„ intermediate wheels ... 

„ trailing wheels 

Total on coupled wheels 
Total 



9 tons 19 cwt. 
7 » 10 „ 
13 >i I )» 
13 i» I » 
" i> 19 ,1 
46 I, II II 
56 II 10 „ 

Upon reference to the illustrated description which we pub- 
lished in our issue of September, 1902, of these engines as they 
were built it will be seen that the distribution of weight on the 
four axles was : — 

On the leading axle 13 tons 16 cwt. 

„ driving axle . . . 
„ intermediate axle 
„ trailing axle . . . 
Total 



'7 


II 


4 


13 


II 





9 


II 


10 


S3 


II 


10 
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It is, therefore, clear that though Mr. Whale puts rather less 
weight on the coupled wheels he gets a much better distribution of 
weight which will make the engine much easier on the permanent 
way and improve its running generally. These engines are 
admitted to form the most successful class of compounds that 
Mr. Webb built, but they will be more so as altered to " consolida- 
tions " in the same way that the large 4-coupIed express compounds 
have been vastly improved oy the addition of Mr. Whale's " duplex " 
valve gear, and thus rendered able to take the heaviest expresses 
without assistance at any time. 



Books, Papers, and Pamphlets. 

Electric Motofs. By Henrv M. Hobart. London : Whiltaker and Co., 2, 
White Hart Street, E.C. New York: 66, Fifth Avenue. 

This is an excellent treatise upon the theory and construction 
of continuous current and induction motor?, and one which 
should be very useful to railway men at the present time. It to 
some extent traverses the field already covered by other well- 
tnown works, but in the main it does not, and may be regarded 
as a valuable supplement to them. It is also as complete and 
up-to-date as any book dealing with a rapidly advancing science 
like electricity possibly can be. 

The book is divided into two fairly equal parts treating 
respectively of continuous current motors and ahernating current 
motors. The chapters following a short introduction deal 
respectively with continuous current motors, data for motor 
designing, types of winding, characteristics, designing and test- 
ing, standardisation, examples by various manufacturers, form 
wound armature coils^ comparative designs for 35 h.p. motors, 
desirability of using polyphon motors, starting induction motors, 
comparisons between induction and continuous motors, design of 
induction motors, examples of induction motors, commutators in 
alternating current machinery, properties of copper wire of 
different gauges systematically arranged. 

A striking feature of this book is the excellence of its illus- 
trations, which number 480, and are in every way highly creditable 
to the publishers. We lay stress upon this matter because the 
value of books of this character is so often seriously deteriorated 
by inferior illustrations. 

We can without hesitation strongly recommend Mr. Hobart's 
book to our readers as being in every way worthy of its place in 
Messrs. Whit taker's specialists' series of text-books. 



THe fnveftfars' Guide tc the Patent Law and the New Practice, By James 
Roberts, M.A., LL.B., Barrister-at-lAW. London: John Murray, 
Albemarle Street, W. 1905. 

Seeing that the new practice, which was authorised by the Act 
of 1902, of making an official search prior to the granting of 
patents, came into operation at the beginning of the year the 
appearance of this book is particularly welcome just now. 

It is founded on the same author's larger work on the grant 
and validity of British patents for inventions, but it is, nevertheless, 
complete in itself, and is intended for those '^ who require a simple 
'* explanation of the law and rules governing the grant of patents in 
** the United Kingdom, and information as to the proper manner of 
" protecting their inventions so as to avoid the risk and conse- 



" quences of premature disclosure of their ideas." The book is 
very concise and clear and free from legal phraseology, but it 
teems with references to standard works, so that those who wish 
to do so may look up the authorities for every statement made by 
the author. Few engineers are unwise enough to take out patents 
without the assistance of a competent patent agent, but those 
who contemplate doing so we strongly advise to first carefully 
peruse this book* 

Books Received. 

7 he EUmenis of Railway Economics Bv W. M. AcwoRTH, M.A. Oxon., 
Barrister-at-Law. Oxford: at the Clarendon Piess. 1905. [159 pp.; 
price 2i, netS\ 

British Standard Specification for Pipe Flanges, Report issued by the 
Engineering Standards Committee, Leslie S. Robertson, M.Inst.C.E., 
secretary. London: Crosby, Lockwood and Son, 7, Stationers* Hall 
Court, E.C. December, 1904. [Price 2s. 6d, ftet,^ 

The Imfcntors^ Guide to Patent Law and the A^ew Practice, Bv Jambs 
Roberts, M.A., LL.B., Barrister-at-Law. London ; John Murray, 
Albemarle Street, W. 1905. [X09 pp. ; price 2s, 6d, net,] 

Petroleum, Bv Sydney H. North. London and Ncwcastle-on-Tyne: 
The Walter Scott Publishing Co. 1904. [Price is, net,] 

Gas Producers for Power Purposes, By W. A. ToOKEY, A handbook for 
the use of purchasers, erectors and attendants. London : Percival Mar- 
shall and Co., 26-29, Poppin's Court, Fleet Street, E.C [Price ix. net,] 

Petrol Motors Simply Explained, A practical handbook on the construction 
and working of petrol motors. By T. H. Hawley. Illustrated. Lon- 
don : Percival Marshall and Co., 26-29, Poppin's Court, E.C. [Price is» 
net,] 

The Begin fters Guide to the Lathe. An elementary instruction book on turn- 
ing in wood and metal. By Percivai Marshall, A.LMech.E. 
Fully illustrated. London : Percival Marshall and Co., 26-29, Poppin^s 
Court, Fleet Street, E.C. [76 pp. ; price td, net.] 
The Imperial Directory and Statistics of Electiic Lightings Power and Traction 
Works, 1905. Edited and compiled by C. S. Vesey Brown, M.Inst. 
C.E., M.LE.E. London: Hazell, WaUon and Viney, Ltd., 52, Long 
Acre. [1,030 pp. ; price \2s. (>d. net.] 
The 6eld covered by this directory has been greatly extended, and it now 
gives particulars of the electric lighting, power and traction works throughout 
the British Empire. The undertakings are arranged fn four groups, viz. : 
Lighting and power, tramways, light railways, standard gauge and tube rail- 
ways. Particulars are given as to the powers under which the undertakings 
are authorised, the names of the directors and officers, details of the machinery, 
cables and meters, and of trading accounts, balance-sheets, eic. The book is a 
very useful one. 

The Colliery Manager^ s Pocket Book, Almanac and Diary for tgo^. — 
Edited liy R. A. S. Redmayne, M.Sc. Lond«>n : Colliery Guardian Co., 
Ltd., 30 and 31, Fumival Street, Holborn, E.C. [287 pp. ; price, cloth, 

2S.] 

The fact th.it this pocket book has reached its 36th year of publication is 
sufficient evidence of its value. It is especially prepared for the \isc of colliery 
managers and others engaged in mining operations, and in addition to ample 
diary space contains a great quantity of calculations, tables, formuKx: and in- 
formation of daily use in mining work, besides articles by experts on some of 
the principal mining subjects of the present time. The statttiics will be very 
valiuble to others Ixtsides colliery managers, as they are arranged very con- 
veniently for referring to. 



Papers and Pamphlets Received. 

Progress Report on the Strength of Structural Timber. By W, Kkndrick 

Hatf, Ph.D., Civil Engineer in the Bureau of Forestry, United States 

Department of Agriculture. [22 pp. and VIL tables.] 

This is a most valuable paper, which has been issued by the Btireau 
of Forestry of the Agricultural Department of the United States Goveroroent 
in response to many requests from timber dealers and users. It conuins the 
results of cro^s bending tests on about 250 large beams of structural timber, 
but as the^e tests are still being carried on the resulcs given may, of course, be 
modified in later publications, though they are sufficiently numerous to indi- 
cate the structural values of several species of timber, particularly loblolly 
|Mne and western hemlock. The species under investigation are the Or^n 
pine or Douglas spuce, the western hemlock, the red gnm, the longleaf pine, 
and the loblolly pme. Later on the redwood {Sequoia semper z/irens) ancl the 
western yellow pme will be tested. 

The present paper will be followed by a fuller report, which will contain 
authoritative and complete information concerning the mechanical properties 
of the commercial timbers of the United States, including the results of tests- 
to determine--!, the mechanical and phjrsical properties of timber in forms 
found on the market ; 2, effect of rate of application of load, including im- 
pact tests ; 3, effect of moisture ; 4, preservaUves ; 5, methods of seasoning ^ 
6, fire retaraents. 
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The Greaiest Economic Improvement in Railway i. By H. W. Pkrry, 

Executive Engineer, Construction Branch, South Indian Railway, Triehi- 

nopoiy. [59 pages.] 

This advocates the use of wagons with detachable bodies on rollers 

so that the wheels and underframe may go away and be used for trans- 

fMrting other bodies while the first box is unpacked at leisure. Stress is laid 

open the loss caused by the idleness of wagons. The Skeleton Car and Roller 

Bk>x is apparently something like the wagons patented by Mr. Livesey and 

used for tran^ipping fish wagon bodies from the narrow to the broad gauge 

underframes in Ireland at Strabane, where the Donegal R. meets the Great 

Northern R. of Ireland. 

The ReneufobU Rail^xA The Continuous Rati, By H. W. Perry (as above). 
Illustrated. [13 pp. and 28 pp.] 
This pamphlet consists of two papers advocating respectively the use of 
a rail with a renewable cap on the running head and the use of a jointless 
rail. The suggested renewable cap would be of a channel section with the 
inner sides, vertical and gripping the head of the rail the sides of which would 
be inclined slightly outwards. The weight of the engine would pres^ the 
former on to the latter with such force that it woald become practically 
a part of the head of the rail. The continuous rail is obtained by dividing 
the ran proper vertically, breaking the joints and riveting them together and 
covering the head with the renewable cap mentione'l ab:>ve. The advantages 
and economies which would result from the adoption of this rail are set out 
conciiely and clearly. 

The Sletfferless RaiL By H. W. Perry (as above). Illustrated. [32 pp. J 
In this pamphlet the author proposes the abolition of sleepers and the 
sbustitution therefore of girder rails, preferably of the sections discussed in 
the pre\'iously mentioned papers, with extended bottom flanges (14 ins. 
wide) resting on a 6 ins. bed of concrete, resting on 12 ins. of " rammed 
stone with the interstices filled with sand," and a cushion of sand f or I in. 
thick immediately under the rails. The tie bars to be 5ft. apart, and the 
ballast on the outsides to be laid up to the undersides of the heads. He 
further suggesu that a similar track might with advantage be laid on 
Indian highways, leaving the users, on payment of a toll, to find their 
own carts. The costs of such permanent way are compared with those of 
that now in use in India much to the disadvantage of^ the latter. These 
papers are interesting. 

The History of the Ibstock Colliery {Private) Railway, By Clement E. 
Stretton, C.E., Saxe Cobur^; House, Leicester. A short descriptive 
paper read at the Ibstock meeting of the Permanent- Way Institution. 

Manufacturers' Pamphlets and Catalogues Received. 

From the Brush Electrical Engineering Co., Ltd., Loughborough. Catwpies 
for Tramcars and Tramcar Design and Construction. Both are useful 
and well-printed brochures intended to give information to municipal 
tramway committees and directors of tramway and light railway com- 
panies. The illustrations in the first named are particularly clear and well 
executed. 

From Eld. Bennis & Co., Ltd., Bolton. A well illustrated description of the 
Bennis Stoker and Compressed Air Funuue. 

From Joseph Kaye and Sons, Ltd., Lock Works, Leeds. An illustrated des- 
criptive catalogue of their Latest Improvements in Oil Cans, 

From the British Westinghouse Electric and Manufacturing Co., Ltd., Man- 
chester. A revised edition of their fully illustrated and descriptive 
catalogue of the IVestinghouse Type *^ S.B.'* Direct- Current Afotors, 

From the Phillips Commulator Grinder Co , Ltd. A well got up description 
of their Commulator Grinder for trueing commulators in situ. This 
seems to be a useful appliance, and the manner of its application is clearly 
illustrated. The evils of turning commulators is dwelt upon, and a long 
list of governments, corporations, and other important users is given. 

From the Edison-Swan United Electric Light Co., Ltd. An illustrated 
catalogue of Electric Cooking and Heating Apparatus, 

From Archil)ald Smith and Stevens, Battersea, London. Notes on Electric 
LifUf the first half of vhich treats the subject from an engineering point 
of view and gives a good deal more original information than is usually 
done in publications of this kind. The latter half is the firm's catalogue 
revised up-to-date. 

From Graham, Morton and Co., Ltd., Leeds. An elegant little booklet for 
the pocket, full of small but beautifully executed illustrations of cranes, 
conveyors and transporters (including aerial ropeways) erected by this 
firm in various parts of the world. 

Fiom Chambers, Scott and Co., Motherwell, N.B. An illustrated circular 
describing their Modem Electric IVinches. 

From Erith's Engineering Co., London. An illustrated pamphlet explaining 
the principles and describing the application of EritjCs Underfed Stokers 
or Boilers and other lurnaccs^ and from which we gather that some 
thousands of these stokers are in use, and all giving satisfaction. It is 
also suted that these stokers were installed at the Crewe works of the 
I^ndoD and North Western R. in 1 901, and that a fourth order has 
recently been received for them for a new battery of Lancashire boilers at 
the Crewe works. 

From W. F. Stanley and Co., Ltd., London. Price list and samples of 
Sun Copying Pahers Apparatus and Priming for Architects and Enginurs, 
The samples of the work done both on paper tnd linen by the new iet 
line (permanent carbon) process is particularly good and quite equal to an 
Indian ink drawing. This process is to be recommended in preference to 
the ferro-gaQic or other so-called black lines on white. But unfortunately 
it appears to be more than twice the price of the old ferro-pnisstate (white 



on blue) process, and about 25 per cent, more expensive than the ferro- 
gallic process. 

From the Baldwin Locomotive Works, Philadelphia, Pa., U.S.A. Record of 
Recent Construction No. 4g, Balanced Compound Locomotives, This 
booklet contains much useful information, and we shall take another op- 
portunity of referring to its contents at greater length. It is, like its 48 
predecessors, beautifully printed and illustrated.' 



Incandescent Mantles for Railway Carriage 
Lighting. 

Though it is an established fact that lighting by means of 
incindescent mantles is one of the most economical systems known. 



Fig I. — Pintsch's Patent Roof Lamp with Inverted Incandescent Mantle, 



Figi 2.— Pintsch s ?Meot Roof 
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the fragile nature of the mantles miliuted against their use for light- 
ing railway carriages. But the manufacture of mantles has im- 
proved of late years and the strength of them been very greatly 
increased, and will, without doubt, continue to do so. Moreover, 
the mantles required for brilliantly illuminating railway carriages 
are very small. 

On the French railways incandescent mantles have been ex- 
tensively used with great success, as was pointed out in our issues 
for October, 1903, and March, 1904, when we illustrated the 
lamps and burners then in use on the Eastern and the Western 
railways. 

Pintsch's Patent Lighting Co.. have now perfected and patented 
roof lamps and burners for using incandescent mantles. They 
have had them on trial on the I* , Brighton and South Coast and 
some other railways with such satisfactory results that they were 
last month able, by the courtesy of Mr. Wm. Forbes, general 
manager of the L.B. and S.C.R., to exhibit a block train lighted 
upon this system throughout, and which is the most brilliantly 
illuminated train running. 

Fig. I illustrates the lamp, burners, &c., in use on this train. 
It will be noticed that the mantle is of the "inverted " type, which 
has the advantage of casting no shadows. The courses taken of 
the gas and the air are indicated by arrows. The air enters the 
main chamber and passes through holes in the bell a into the 
regenerative chamber, where it is warmed by contact with the 
chimney ^, and out into the combustion chamber by holes round 
the edge of the reflector r, which is held in its place by four 
spring bolts as shown at //. The products of combustion 
pass up the chimney and out to the atmosphere as indicated by 
the arrows. 

The inverted mantles are protected by a wire cage, which is 
not made of platinum, but of a cheaper metal. The object of 
the cage is to prevent the mantle, should it fracture, from falling 
quite out of the gas flame and leaving the compartment in dark- 
ness. The mantles are quite easily taken off or fixed by the 
asbestos base to which they are attached. 

The mantles are sufficiently tough to easily give a life of 
from one to two months. 

The other fittings of the carriage, all of which have been 
illustrated from time to time in this journal, remain as before, 
except that the regulator has to be altered and adjusted from 
a working pressure of between one and two inches of water, 
at which the present burners work at, to one of about eight inches, 
which is the pressure which the incandescent burners require. 

The economy of this system of lighting is great. An 
ordinary flat-flame burner of 8 c.p. consumes about one cubic 
foot per hour, whereas an inverted incandescent mantle, like fig. i, 
gives a light of 25 c.p. and consumes only 0*6 cubic ft., or in 
other words the illuminating power is increased 300% on little more 
than half the consumption of gas. The effect of adopting this sys- 
tem would, therefore, be to practically double the lighting capacity 
of all the oil-gas works without altering them in the least. And 
supposing the present fittings on a carriage enable it to run 30 
hours without re-filling the storage tanks it would, by using incan- 
descent mantles, be able to run 60 hours without re-filling. This 
in itself is not an inconsiderable advantage to railway companies, 
as it would save a lot of gas-tank haulage, labour, &c., besides 
being of great advantage during spells of fog. 



The new lamp opens from the inside of the carriage for conve- 
nience of lighting. 

Fig. 2 illustrates the vertical mantle type of burner. In this 
the mantle is suspended from a wire pillar outside the mantle and 
fixed to the gallery, which lifts off. The gallery is deep and sup- 
ports the mantle in case of fracture, so that it remains in the 
flame until it can be renewed; it also prevents the mantle 
swinging and breaking itself. This pattern lends itself more 
readily for alterations. 



Rolling Stock for* Belgian Light Railways. 

In our last issue, pp. 58-60, we gave illustrations and particulars 
of the types of engines, carriages and wagons in use upon the 
great system of light railways which spreads all over Belgium, and 
which is controlled by the Soc. NationaU des Oiemms de Fer 
Vicinaux. 

These railways are true ** light railways,'' and act as feeders to 
and distributors from the standard gauge railways of the country. 
To the agricultural industry they are of inestimable value. 
Similar light railways exist in every European country except our 
own, where, of course, the attitude of the local authorities and 
the Board of Trade renders any attempt to build such railways 
futile. The trains composed of the vehicles we illustrated steam 
right into every city and town in Belgium, including Brussels, 
without hindrance or inconvenience to anyone, but in this 
country propositions to provide such useful means of transport 
would probably induce an epidemic of apoplexy among our 
county and city councillors. 

In order to make our descriptions more complete Mom. C. de 
Burlet, Directeur Ghtiral oi the SocUU Nationale des Chemms dt 
Fer Viciuaux, has kindly sent us the following additional particu- 
lars respecting his rolling stock ; — 

Locomotives, 

Weight, in working order, metric tons 27 . 18 

Number of wheels, all coupled ... 6 6 

mtn. mm. 

Cylinders, diam 350 280 

\Vheels, diam. ... ... ... 850 832 

Fire-box, width, top 1,090 934 

Fire-box, width, bottom ... ... 700 704 

Fire-box, width, length ... .. 1,341 1,015 

Tubes, number \^\ 160 

mm, mm. 

Tubes, diam. inside ... 35 35 

Tubes, diam. outside... 40 40 

sq. m, sg. m. 

Heating surface^ tubes 42 02 27*80 

Heating surface, fire-box 5*62 4*00 

Heating surface, total 4764 31*80 

Capacity of tanks, litres ... ... 2,600 2,000 

Working pressure, atmos 12 12 

Carriages and Wagons. 

The tare weights of the carriages and wagons illustrated in 
our last issue are as under : — 

2nd-class carriages, 4,400 l^ilos tare ; 3,250 kilos net ; 7,650 
kilos gross. 

Closed goods wagons, capacity 10 tonnes ; 4,700 kilos. 

Platform wagons, capacity 10 tonnes ; 3,800 kilos. 

High-sided wagons, capacity 10 tonnes ; 4.200 kilos. 

20 tonnes bogie wagons for transporting mainline wagons on 
their wheels so as to avoid transhipping the load, ^500 kilgs^,^!,^ 
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Notes on Old Railway Bridges. 

Since the opening: of the earlier railways the increasing: 
loads of locomotives have necessitated many changes in the 
bridges under the line. 

The bridges as they stand to-day are probably of quite 
different types to the original construct ions, yet they often con- 
sist, in part, of the original girders augmented by additional 
girders of either cast or wrought iron or of steel, according to 
the period at which strengthening became necessary. This 
economical system of strengthening the old bridges instead of 
completely renewing them has had an effect in influencing the 
design of modern railway bridges, and a brief review of some 
of the alterations which have taken place is not without 
interest. 

Speaking of bridges up to say 30 ft. span, a very usual 
construction consisted of two cast iron girders to each road, 
the track being laid on cross planking. The half cross section 
of a bridge of this type carrying two roads is sketched in 
%. K 

iParapei 

c 

Fig. 2. 

The girders would probably be of the same section, with 
perhaps the addition of some ornament on the face of the 
parapet girder. 

An objection to this arrangement is that the inner girders, 
being nearer to the rails than the face girders, would be un- 
duly strained, and with the dimensions figured on the sketch 
the inner girder would carry 

7-25^ 12 X 100% = 60% 
of the moving load. 

Also the floor, having probably been designed for a certain 
load per square foot of area, would be of insufficient strength 
to support the heavy loads on the driving wheels of modern 
locomotives unless the rail timbers were of such stiffness as 
to distribute the loads over a considerable width of the floor. 

These defects in bridges of this type have been remedied 
from time to time in several ways. 

A construction very commonly occurring is that sketched 
in fig. 2, and there is often evidence either in ornament or in 
bolt holes no longer used, to show that the girder marked 
c was originally under the parapet. Very probably the con- 
struction was formerly similar to that shown in fig. i, and in 
order to divide the load equally between the two girders, or to 
strengthen the floor, or for the two reasons combined, the 
girders have been brought closer together, the floor planks 
cut to the required length, and the parapet carried on a girder 
of lighter section. 

By thus modifying the original structure the moving load 
on the weaker girder has been reduced by 

(60% - 50%) -f 60% X 100% = 1 7% 

The span of the floor beams has also been considerably 
reduced. 

Another form of cast iron bridge often seen is of the same 
type as fig. i, with an additional girder of cast or wrought 



iron in each four-foot. These girders are necessarily of heavier 
section than those originally included in the structure and have 
very likely been taken out of another bridge. They can gener- 
ally be recognised as additions either by holes for which there 
is no use in the present structure or by an end having been cut 
to make the length of the girder suitable to the span. 

The position of the additional girder in fig. 3 is that which 
causes an equal portion of the moving load to be carried by 
each of the old girders, the proportion being 
i'6^3'85x5o%=2i% 

The additional girder therefore has to carry 58 per cent, 
of the moving load, or nearly as much as the inner girder pre- 
vious to strengthening, and in order that the bridge may be 
uniformly strengthened the girder added, if of cast iron, must 
be of considerably larger section than those already in the 
bridge. It is probable that this method of strengthening, 
when used, has been as much on account of a weak floor as 
of weakness in the girders. 

In other cases, possibly, in which strengthening was not 
necessary at such an early period, the inner girders will be 
found replaced by girders of wrought iron, the face girders 
of cast iron remaining in the bridges. In such instances the 
floor will generally be found to consist of good deep timbers, 
from which it may be inferred that either the original floor was 
of sufficient strength or that there was depth enough to renew 
the old floor with beams of deeper section. 
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Another construction of cast iron girders often met with 
consists of four girders under each road, each rail being laid in 
a trough composed of two girders. The half section of a 
bridge of this type is shown in fig. 4. It is very usual in 
bridges of this description to find the girders under the up road 
different in section to those under the down road, or even to 
find this construction under one road and some arrangement 
of wrought iron girders under the other. The obvious conclu- 
sion in cases where the two lines are known to have been con- 
structed simultaneously is that the original bridge contained 
four girders only, very probably arranged in the manner shown 
in fig. I, and that the present arrangement is the result of 
subsequent strengthening. 

The convenience of this arrangement becomes evident 
whenever it is necessary to take girders of this sort out of a 
bridge and replace them by others. As the girders under 
each rail are independent, the work of reconstruction can be 
carried out without much delay to the traffic. 

At the present day cast iron is not considered a suitable 
material to resist tension, and the general practice is to renew 
cast iron girder bridges in wrought iron or steel. The 
materia] is altered but the type often remains the same, and 
wrought iron or steel trough girders, similar in principle to 
those sketched in fig. 5, are very commonly employed for 
bridges of ordinary span. 
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The earlier wrought iron bridges constructed of trough 
girders have timber floors, but plate floors, whch have the 
great advantage of being watertight, are generally used in 
modern practice. 

i 



t-^f^H^ 



Fig. 5. 
In low lying counties liable to floods there are many 
bridges, serving the purpose of flood openings, in which the 
headway is not important. Such bridges were often built 
on the deck principle, the floor planks being laid across the 
top flanges of the girders, which were generally of I section. 

The strengthening of this class of bridge has been carried 
out in much the same way as that already described. 

The girders have first been brought closer together and 
others added, and finally replaced by plate girders of either 
wrought iron or steel. 

The floor, too, has very generally been replaced by one of 
watertight construction, consisting of jack arches turned 
from the lower flanges of the girders, backed with cement 
concrete and covered with a layer of asphalt. 

There seems to be considerable divergence of opinion in 
the ideas of bridge engineers concerning this construction. 
Some regard it as antiquated and unnecessarily heavy, while 
others find in it the best means of protecting ironwork from 
corrosion, and adopt this type of floor whenever a sufficiency 
of headway renders it practicable. 

In the earlier days of railway engineering the use of cast 
iron was not confined to bridges of the spans referred to. For 
spans up to about 6oft. girders were built up of sections of 
ca^t iron, bolted together and trussed with wrought iron tie 
rods. The depth of these girders would not permit of dupli- 
cation under each line, even had it been considered desirable 
to perpetuate girders of this type, and bridges in which they 
occurred have very generally been renewed in a construction 
of main and cross girders of wrought iron or steel plate. 

Bridges of still larger span up to and over 100 ft. were con- 
structed of cast iron arched ribs. In some cases, generally 
in the smaller spans, the thrust would be taken by wrought 
iron rods, producing a bow string girder, while in others the 
thrust would be resisted by the abutments. 

For girders of this description cast iron is quite a suitable 
material, as it is only strained in compression, and such altera- 
tions as have been made in bridges of this type have chiefly 
consisted of strengthening the floor and stiffening the bridge 
laterally. 

When it has been necessary to widen arched bridges or 
to strengthen them, additional ribs have been built up of 
wrought iron or mild steel plate and other rolled sections, on 
the model of the existing ribs, so that here again the old 
design has had an influence upon the new. 

40-Ton8 "Cantilever "Coal Wagons; Great Central 

Railway. 

In our issue for last November we published a short descrip- 
tion, accompanied by views, of these interesting high- 



carrying-capacity wagons which Mr. J. G. Robinson, 
M. Inst. C.E., chief mechanical engineer of the Great Central 
R., designed for his company's **domestic" use, or, in other 
words, for the carriage of the coal consumed in his depart- 
ment. 

These wagons were built by the Birmingham Railway 
Carriage and Wagon Co., Ltd., Smethwick, and are con- 
structed upon the * 'cantilever* * principle under the Livesey- 
Gould patents. They are an enlargement of the 30-tons 
capacity **cantilever*' coal wagons which we illustrated in 
our issue for last April, and a comparison of the drawings 
we then published with those which, by the courtesy of Mr. 
J. G. Robinson, we are now able to present to our readers 
will, we are sure, prove very interesting. 

The experience Mr. Robinson had with the smaller size 
led him to the conclusion that he could design a wagon with 
the same length and wheelbase of nearly the same tare 
weight, but having 23'3 P^r cent, greater carrying capacity, 
and this he has been able to do, for whereas the tare of the 
30-tons wagons is 13 tons 1 1 cwts., that of the 40-ton& wagons 
is only 14 tons 19 cwts. The difference in the height of the 
wagon is but 8 ins., and in the width over the stanchions 
3 ins., but in connection with this latter dimension it should 
be noticed that the width inside has been increased by 7J ins. 
This has been accomplished by turning the legs, of the T's 
towards the inside instead of the outside, and which econo- 
mises the width to the utmost extent. In coal wagons the 
vertical ribs down the inner sides of the body is a matter of 
no consequence, but across the bottom they would, of course, 
interfere with the unloading, and they are therefore cut off 
as shown in the cross section and at A B on the plan. 
The chief dimensions are : — 
Length over the buffers, 41 ft. 2 J ins. 
Length over the headstocks, 38 ft. . 
length between centres of bogies, 27 ft. 
Length of body inside, ^7 ft. ii| ins. 
Wheelbase of bogies, 5 ft. 6 ins. 
Width over **cantilever** frames, 8 ft. 3 ins. 
Width of body inside, 8 ft. 2 ins. 
Height of top of sides above rail, 8 ft. 8 ins. 
Height of body inside, 5 ft. 

Thickness of side plates, J in.; end plates and middle 
plate W in- 
Side floor plates, ^ in. 
Tare weight, 14 tons 19 cwts. 

There are three discharging doors on each side, giving 
clear openings 4 ft. x by 2 ft. ^i ins. The door frames are 
2 ins. by i in., and the panel plate J in. thick. 

The central member, or backbone as it might be called, 
consists of two steel channels 12 ins. x 3I ins. x| in. 
placed back to back 26 ins. apart running from headstock to 
headstock, and to which they are connected by bent J in. 
plates 6^ ins. x 3^ ins. x 12 ins. These channels are 
joined together on top by the middle floor plate, which is in 
three lengths and is riveted to the top flanges with i in. 
rivets at 3 ins. pitch. They are also connected by the 
*'cantilevers*' or ribs of steel T*s, 4 ins x 2^ ins. x | in*, 
which pass underneath them to the turn of th 
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they are joined to other T\s turned the other way and which 
run up the sides, and form the stanchions as previously men- 
tioned. The bog^ie centre bearers consist of two lengths of 
channel, 12 ins. x 3 J ins. x f in., riveted to the floor plate 
and covered on the lower flanges by a steel plate 12 ins. x 
^ in. and connected to the longitudinals by 3 ins. x 3 ins. x 
I in. steel angles. 

The longitudinal channels are trussed by two steel angles, 
3 ins. X 3 ins. x | in., riveted to them between the bogie- 
centre bearers and carried over two frames of angles of the 
same section as shown, the depth of the queen truss being 
18 ins. clear between the flanges. 

The headstocks, steel channels 12 ins. x 3^ ins. x § in., 
are raised above the level of the central longitudinal girder 
owing to the necessity of maintaining the standard height for 



J in., have been splayed out from the longitudinals at the 
bogie-centre bearers, on which the draw-bar pulls, to the head- 
stocks behind the buffers, the bend in the bulb-angle being 
stiffened by pressed steel knees of f in. plate. 

The buffers were especially designed by Mr. Robinson 
for this class of under-frame and were illustrated in detail 
in our issue for last April. They are of the compound type 
and contain two sets of Spencer's patent concentric rubber 
springs, the smaller of which absorb the ordinary buflftng 
shocks, while the larger ones only come into operation during 
violent shunting or when the buffer heads are driven home. 
Owing to the lowness of the floor of the wagon the buffer 
springs project through the floor and are covered with dished 
floor plates as shown. 

The draw-bar is 2 ins. diam. and is fitted with Spencer's 



Bogie for 40- Tons " Cantilever " 
the buffers and draw-hook. Their backs are turned inwards 
and their flanges filled with oak packing to give proper seat- 
ing for the flanges of the buffer casings and for the draw-bar 
plate. A frame of angle steel, 3 ins. x 3 ins. x f in., is 
riveted under the top flange of the headstocks and carried 
up the sides to receive the side and end plates and form the cor- 
ners of the wagon body. A steel T 3} ins. x 3^ ins. x | in. is 
carried all round the inside of the top of the sides and ends of 
the body and makes a neat and strong finish with practically 
no overhang. The end plates are stiffened by two steel angle 
stanchions, 3 ins. x 5^ ins. x | in., tapering towards the top. 
To adopt this construction of under-frame for side- 
buffered stock special provision has to be made for trans- 
mitting the buffing strains to the central member, and in the 
wagons under notice steel bulb-angles, 3J ins. x 9 ins. x 



GmiI Wagons ; Great Central Railway. 

india-rubber cylinder springs as shown. The coupling 
chains are of i^ ins. diam. iron. 

These wagons are provided with the **rapid acting'* 
vacuum automatic brake and also with a horizontal screw 
hand brake operated from either side. The arrangement 
of the two 15 ins. brake cylinders and the rigging is clearly 
shown. With regard to the brake gear it will be noted that 
this style of under-frame lends itself very readily for the 
necessary attachments 

The bogies are of the '* diamond*' type, the wheels being 
2 ft. 9 ins. diam. on the tread. 

The journals are 10 ins. x 5 ins, and are 6 ft. 7 ins. centre 
to centre. 

The axle-boxes are of cast steel and their b^Jft? 
at 8 ins. centres. Digitized by 
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The springs are in nests of four on each side, the outer 
pairs being 4I ins. diam. and the inner pairs 5 ins. diam. 

The column is of cast steel, and the column bolts i^ ins. 

The spring plank is a steel channel 4 ins. x 12 ins. x 
1% ins. 

The diamond frame is composed of iron bars 5 ins. x 
1 5 ins., li ins., and f in. thick respectively, the ends being 
hooked so that there is no shearing strain on the axle-box 
bolts. 

The bolster consists of a truss, the top member being a 
steel channel frame section as that of the spring plank, and 
ihe lower member is an iron plate 10 ins. x i in. hooked 
4 ver the ends of the channel and passing under a deep pressed 
lion plate under the centre pin, which is 2 J ins. diam. 

The centre is composed of two steel castings with flat 
1>earing surfaces as shown. The friction blocks are also 
steel castings and are placed 4 ft. 6 ins. from centre to 
<:entre. 

Features of Continental Goods Engines. 
Between the Continental and British types of locomotives 
intended for the haulage of goods and mineral trains there 
are not many points in common, and in view of the varied 
conditions and enormous mileage existing on the one hand 
and the more or less uniform conditions surrounding the other, 
this is only to be expected. Allowance must also be made 
for the personal factor — a very strong one — for no two en- 
gineers, especially of radically different training, will produce 
the same style or even type of locomotive for the same or very 
similar work, hence there are many more varieties of types to 
be found in Continental than in British practice, and in spite of 
the seemingly unnecessary complications there are many 
highly successful designs in service. 



The cylinders are usually placed outside the frames, the 
reasons for this being (other than custom) that the scarcity 
of pits on the lines and in the steam sheds renders the under- 
neath of the engine very inaccessible, also that in the case of 
two cylinder compounds it has become practically impossible 
to get the large low pressure cylinder alongside the high pres- 
sure between the frames. A large percentage of all the 
different types have the valve gear outside the frames, not 
only where the Walschaert gear is preferred, but also where 
the Stephenson link is used. In consequence of this position 
of the valve gear the steam chests are on the top, which 
arrangement certainly presents the advantage of giving ready 
access to the valve faces, and slide valves, without the inter- 
position of rocking shafts, as in American practice. 

In the design of boilers, it is the details of construction, 
more than the types, that are markedly different, though to 
some extent the type also is a feature. Thus in the most 
engines in Belgium and France the Belpaive firebox is pre- 
dominant, while in Germany and Central Europe the round top 
firebox practically excludes all other types, but the fireboxes 
are always direct stayed. Steam domes are general, in fact 
so much is this the case that some engineers, especially in 
Austro-Hungary, fit many of the boilers with two connected 
to each other by a large pipe, but it is doubtful whether any- 
thing is to be gained by this arrangement. 

Although the 0-6-0 type is not used to anything like the 
extent to which it was formerly, yet several railways still have 
numbers of engines of this type at work of recent build, mostly 
with outside cylinders, though some on the Belgian States R. 
and the Eastern R. of France, for example, have inside cylin- 
ders and outside frames, as illustrated by fig. i. The general 
proportions are very similar to modern home-built goods 
engines of the type; the cylinders are 18*5 ins. by 25* 59 ins., 



Fig. 1. 



One of the most striking features is the extent to which com- 
pound cylinders are used. But while in nearly every different 
country a different system is to be seen — embodying two, three 
or four cylinders — there is a commendable uniformity in res- 
pect of the ratio of the high pressure to the low pressure 
cylinder volume, the average being about i to 2*24. All the 
various systems are reported as being economical in 
working and reliable; this is especially interesting when 
the scarcity of compound goods engines in home practice is 
borne in mind. 



with the valves beneath operated by Stephenson link motion; 
the wheels are 4 ft. 79 ins. diam. on the tread, on a wheelbase 
13 ft. 10*14 ins., the overhang of the frames at the rear end is 
considerable, being 8 ft. 7 ins. The boiler barrel is in three 
rings, 4 ft. 8.3 ins. mean diam. by 12 ft. 95 ins. between tube 
plates, and it has 190 tubes 1*57 ins. diam. The firebox is round 
topped, 8 ft. 24 ins. long by 4 ft. wide; the grate area is 
2788 sq. ft.; the heating surface of the tubes is 1,2823 sq. ft., 
and of the firebox 126' 26 sq. ft. In working order the weight 
is 47 tons 6 cwts. 2 qrs. Digitized by V^nOOQ IC 
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The extent to which each separate type has become identi- 
fied with individual countries is no doubt largely due to the 
gfeneral character of the lines, thus the 0-8-0 type is pre- 
eminently the type in France, although great numbers are 
used on the Italian and German lines; the 2-8-0 engine is 
representative of the practice of Central Europe; as for the 
** mogul*' or 2-6-0 type, it cannot be allocated, for in prac- 
tically all countries it is the ** utility** machine. 

The Prussian States R. have a standard class of ** moguls" 
as shown by fig. 2, and nearly all the German builders have 
constructed engines of this type. It is a plain straight- 
forward engine, redolent of German practice, the cylinders 
are compound, 19*68 ins. and 29*5 ins. diam., with a stroke 
of 248 ins. The high pressure cylinder is on the right-hand 
side; a Von Borries starting valve fitted with a by-pass to 
delay the compounding until the wheels have made a few revo- 
lutions (about 10) is used. The valve gear is Welschaert's. 

The total wheelbase is 19 ft. 82 ins., the rigid base is only 
5 ft. 4 ins., owing to the use of the **Krauss** truck formed by 
the leading carrying and coupled wheels, an arrangement 



coupled wheels are driven by these cylinders; all the driving 
wheels are coupled; the high pressure cylinder is 19*68 ins. 
by 23*62 ins., inclined i in 20, the low pressure cylinder being 
21*26 ins. by 23*62 ins. All the valves are above the cylinders, 
and are operated by the Welschaert gear, the valves are of 
the Allan-Trick pattern. The coupled wheels are 11*83 ins. 
diam., bogie wheels 2 ft. 9*46 ins. 

The boiler has a total heating surface of 1,510*2 sq. ft.; 
the firebox surface is 132*4 sq. ft., with a grate area of 
24*76 sq. ft; the weight in working order is 53 tons 18 cwts., 
of which 43 tons 16 cwts. is available for adhesion; the bearing 
springs are all compensated, the truck and springs of the 
leading coupled wheels being in connection. 

With regard to the 0-8-0 type, it has already been said 
that it is characteristic of the French railways, yet it would be 
very diflFicult to find a country not having representatives of 
it, for it possesses the advantage of all its weight being avail- 
able for tractive purposes, combined with simplicity and low 
first cost as compared with bogie engines; it is not very well 
adapted for high speeds, although some very creditable run- 



Fig. 2. 



very common in German locomotives, and reported to give 
very satisfactory service; the wheel diameters are — leading, 
3 ^^' 3*37 i"s., coupled, 4 ft. 5* 14 ins. The boiler has a round 
topped firebox 8 ft. 45 ins. long by 3 ft. 1 1*24 ins. wide; the in- 
side firebox is of copper, 7 ft. 4*57 ins. by 3*37 ins.; the grate 
area is 2422 sq. ft.; the boiler barrel is 5 ft. 024 ins. mean 
diam. and 13 ft. 635 ins. long; there are 217 tubes, 2 ins. diam, 
with a heating surface of 1,577*64 sq. ft. ; the working pressure 
is 172 lbs.; the weight in working order is 43 tons, the 
adhesive weight is 22 tons 7 cwts. 

Several years ago the Northern R. of France experimented 
with a three-cylinder compound engine having one high pres- 
sure and two low pressure cylinders; the class was not, how- 
ever, perpetuated; however, on the Jura-Simplon R., Switzer- 
land, there is a numerous class of *' moguls" compounded on 
the three cylinder system; there is one high pressure and two 
low pressure cylinders; the high pressure cylinder is between 
the frames underneath the smokebox, driving the leading 
coupled axle; the low pressure cylinders are outside the frames 
^ust in front of the leading coupled wheels; the middle pair of 



ning with fast goods trains can be placed to its account, and 
as a general type for heavy work it is hard to equal. Among 
the most recent examples to be found in all countries the 
majority are compounds; indeed, in France this system came 
early into vogue and has ever since made great strides. The 
majority have four cylinders, sometimes driving on to two 
axles, but more commonly on to one. The engine illustrated 
by fig. 3 belongs to the Paris, Lyons and M. R., and is a good 
example of this type. 

The boiler is of liberal proportions, having 2,183 ^^' ^^- ^^ 
heating surface, with a grate area of 226 sq. ft.; the working 
pressure is 213 lbs. per sq. in.; the boiler barrel is short, being 
10 ft. lin. between the tube plates; the tubes are of the Serve 
pattern; the barrel is built in two rings, the rear being coned; 
the dimensions are 4 ft. 11 ins. and 5 ft. 29 ins. ; the firebox 
is 8 ft. long. All four cylinders are placed side by side, the 
high pressure ones, which are outside the frames, being 
horiijontal with the valve chests above; the low pressure 
cylinders are inclined, with the valve chests below. The 
valves are all actuated by the Walschaert grear, wjiich^for. 



alschaert gear, which tor 
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the low pressure valves is inverted, a rather unusual arrange- 
ment. The high and low pressure gears have separate wheels 
on the footplate for independent adjustment. And a starting 
valve is provided. 

The cylinder dimensions are 13*5 ins. and 20* 5 ins. by 
25* 2 ins. The cranks on each side are set at 180°, those on 
the opposite side bisecting these angles. The wheels are 4 ft. 
XS ">"«• diam., on a wheelbase of 15 ft. 8 ins.; the springs for 



having a more flexible wheelbase are essential; for heavy 
goods traffic the 2-8-0 type is much used. In Saxony and 
Austria the two-cylinder compound is favoured, while in 
Bavaria and elsewhere the simple engine is still in vogue; a 
fine example of these last is illustrated by fig. 4, which shows 
one of the Bavarian States goods locomotives. It is very 
powerful, having cylinders 21*26 ins. by 22*05 '^^^' stroke, 
driving on to the third of the coupled axles; the valves are 



Fig. 3. 



the driving axle are above the axle-boxes; the trailing springs 
are underhung; compensating levers are fitted between the 
leading and driving axle. When loaded the weight is 52 tons. 
In Germany the two-cylinder system of compounding is 
supreme, being fitted to all types of goods engines; the \'on 
Borries automatic starting valve is used. The particulars 
of one of the Prussian State R. 0-8-0 engines are as follows : 
Cylinders 20*86 ins. and 29*5 ins. by 24*8 ins. stroke; the 



above the cylinders, actuated by Walschaert valve gear; the 
coupled wheels are 3 ft. 1006 ins. diam.; the bogie wheels are 
3 ft. 2'^ ^'^s. diam; the leading coupled and carrying wheels 
form a *'Krauss** truck, reducing the total wheelbase of 
22 ft. 11*6 ins. to 9 ft. 2*24 ins. rigid base; the boiler barrel 
is 5 ft. 3 ins. diam. by 14 ft. 5 ins.; there are 229 tubes of 
2*05 ins. diam.; the firebox is round topped, 7 ft. 8*5 ins. long 
by 3 ft. 4*2 ins. wide inside; the grate area is 26 sq. ft.; the 



Fig. 4. 



slide valves, Allan-Trick, actuated by the straight link motion; 
the wheels are 4 ft. 11 ins. diam., the wheelbase 14 ft. 
9*13 ins., the springs, underhung, compensated for the 
driving and trailing axles. The boiler is flush topped, the 
surface of the tubes 1,395 ^t., and of the firebox 113 sq. ft; the 
area of the grate is 23*7 sq. ft. The weight loaded is the 
.same as for the P.L.M. engines, namely, 52 tons, fairly evenly 
distributed. 

For the railways of Central Europe and Southern Germany 
where the gradients are severe and the curves sharp, engines 



tubes, heating surface is 1,937 sq. ft. In working order the 
weight is ^3 tons 1 1 cwts 2 qrs. ; on the coupled wheels 53 tons 
14 cwts. 3 qrs.; on the leading truck 9 tons 16 cwts. 3 qrs. 

On the .\ustrian States R. there is a class of enormous 
2-8-0 engines, compounded on the Golsdorf system, with 
cylinders 21 25 ins. and 31*5 ins. diam. by 24*8 ins. stroke. 
The coupled wheels are 4 ft. ij ins. diam.; the leading end is 
carried by a radial axlebox, the wheels of which are 2 ft. 
8J ins. diam., with a side play of 2 J ins. on each side; the 
second and fourth coupled axles have also fW^0abh> play. 
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The heating surface, 2,690 sq. ft., at first appears out of pro- 
portion to the cylinders, but the fuel is of a very poor quality. 
The 275 tubes, which are 2 ins. diam., give 2,539*4 sq. ft., and 
the firebox 150*6 sq. ft.; the grate area is 36*1 sq. ft. In 
running order the weights are, adhesive, 56 tons 2 cwts. iqr. ; 
total, 67 tons 8 cwts. 

(To be continued.) 



Railways and the Board of Trade.- III.* 

{Continued from page J2.) 
The following are the requirements of the Board of Trade 
as to the methods of 

^Vorking Single Lines. 
In the case of a line being single, an undertaking must 
be sent to the Board of Trade, through the inspecting officer, 
to the effect that one of the three following methods of work- 
ing single lines will be adopted, namely : — 

I. — By train-staff and train-tickets in the mode described 
in the following rules, combined with the absolute block tele- 
graph system : — 

Rules for Working the Single Lines between 
A.B.C., &c. 

I. Either a train-staff or a train-ticket is to be carried 
with each engine or train, to and fro, and for this purpose 
(one, two or more) train-staffs and sets of train-tickets will be 
employed, e.g., 

Form of 

Staff and 

ticket. 

One between A and B Red Square 

One between B and C... 



Colour of 

Staff and 

ticket. 

Red 

Blue 



etc. 



etc. 



etc. 



Round 
etc. 



2. No engine or train is to be permitted to leave or pass 
either of the staff stations A, B, C, etc., unless the staff 
for the portion of line over which it is to travel is then at the 
station; and no engine-driver is on any account to leave or 
pass a staff station without seeing such train-staff. 

3. If no second engine or train is intended to follow 
the train-staff is to be given to the engine-driver. 

4. If other engines or trains are intended to follow before 
the staff can be returned a train-ticket stating ** staff follow- 
ing" is to be given to the engine-driver of the first engine, and 
so on with any other except the last, the staff itself being sent 
with the last. After the staff has been sent away, no other 
engine or train is to leave the staff station under any circum- 
stances whatever until the return of the staff. 

5. The train-tickets are to be kept in a box fastened by 
an inside spring, and the key to open the box must be the 
train-staff, so that a ticket cannot be obtained without the 
train-staff. The removal of the train-staff must lock the box. 

6. The train-staffs, the train-tickets, and the ticket- 
boxes are to be painted or printed in different colours, e.g., 
red for the line between A and B, blue for that between B 
and C, etc., the inside springs and the keys on the staffs being 
so arranged that the red staff cannot open the blue box, or 
the blue staff the red box, and so forth. 

7. The ticket-boxes are to be kept in the signal cabins or 
in the booking offices at the staff stations. 

8. The sole person authorised to receive, exhibit, or 
deliver the staff or ticket is either the station master, the 
inspector, the signalman, or the person in charge for the 
time at a staff station. 

9. The usual special train tail signal, "engine or train 
followmg," must be used by every engine or train carrying a 
ticket for the information of the platelayers, gatekeepers and 
others. 

*No. I. appeared in the January issue and No. II. in the February issue of the 
Railwav Ett^ineer. 



10. When a ballast train has to do work on the line, the 
staff only and no tickets to be used by such train. This will 
close the line while the ballast train is at work. The ballast 
train must proceed to one of the two staff stations in order 
to open the line before the ordinary traffic can be resumed. 

11. In the event of an engine or train breaking down be- 
tween two staff stations, the fireman or guard is to take the 
train-staff, if with the train, to the staff station in the direc- 
tion when assistance may be expected, so that the staff may 
be at that station on the arrival of an engine. Should the 
engine or train that fails be in possession of a train-ticket 
instead of the staff, assistance can only come from the station 
at which the train-staff has been left. The fireman will 
accompany any assisting engine to the place where the 
engine or train broke down. 

II. — With only one engine in steam, or two or more 
engines coupled together, upon the single line or any section 
thereof at one and the same time. 

Such engine or engines to carry the staff belonging to 
the line or section on which the train is travelling, 

(N.B. — \o tickets to be allowed under this mode of 
working.) 

III. — By the electric tablet or electric staff system, undtr 
which only one of the tablets (or staffs) applying to any sec- 
tion can be in use at the same time. 

(X.B. — The approval of the Board of Trade to be ob- 
tained for the apparatus proposed to be used, and for the 
rules of working, which should be of a somewhat similar 
character to those detailed under mode of working, No. I.). 

The Recommendations of the Board of Trade as to 
the Working of Railways arc : — 

1. There should be a brake vehicle with a guard in it at 
or near the tail of every passenger train; this vehicle should 
be provided with a raised roof and extended sides, glazed to 
the front and back, and it should be the duty of the guard to 
keep a constant look-out from it along his train. 

2. All passenger carriages should be provided with con- 
tinuous footboards extending the whole length of each car- 
riage and as far as the outer end of the buffer castings. .\s 
passenger carriages pass from one company's line to 
another's, it is essential for the public safety that although 
the widths of the carriages on the different lines may differ 
from each other the width across the carriages from the out- 
side of the continuous footboard on one side to the outside 
of the continuous footboard on the opposite side shall he 
identical for the carriages of all the railway companies, so 
that the lines of rails may be laid at the proper distance from 
the edges of the passenger platforms. 

3. There shall be efficient means of communication b<*- 
tween the guard or guards of every passenger train and thr 
engine-driver and between the passengers and the ser\'anl^ 
of the company in charge of the train. 

4. The tyres of all wheels should be so secured as to pre- 
vent them from flying open when they are fractured. 

5. The engines employed with passenger trains should be 
of a steady description with not less than six wheels, with 
the centre of gravity in front of the driving wheels and with 
the motions balanced. They should, as a rule, be run chimne> 
in front. 

6. Records should be carefully kept of the work performed 
bv the wearing parts of the rolling stock, to afford practical 
information in regard to them and to prevent them from 
being retained in use longer than is desirable. 

7. In addition to the block-telegraph instruments, it is 
desirable that there should be speaking instruments or tele- 
phones for communicating between signalmen and books 
for recording the running of the trains. 

8. When drovers or other persons are permitted to travel 
with goods or cattle trains, suitable vehicles should be pro- 
vided for their accommodation. ,^i^r^\ry 
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9. Refuge sidings should be provided at all main line 
stations whe^e slow trains are liable to be shunted for fast 
trains to pass them. If at such stations it is in\possible to 
provide refuge sidings and slow trains have to be shunted 
from one main line to the other to allow of fast trains passing 
them, some simple arrangements should be supplied in the 
signal cabins to help to remind the signalman of the shunted 
train. 

10. Efficient means to be adopted to prevent the acci- 
dental opening of the doors of passenger carriages. 

AH the necessary plans and documents as to the new line 
having been sent to the Board of Trade, an inspector is 
appointed and an advice to that effect is sent to the Railway 
Company. 

The inspecting officer communicates direct with the 
General Manager, Secretary or Engineer, advising him 
when the inspection will be made. 

As a rule the inspector will walk over the line in one 
direction, a carriage being drawn slowly in front with a door 
open on the near side, the purpose of which is to quickly 
draw attention to any structure that is too near the running 
line. 

The inspector will look at all culverts and see that they 
retain their shape, and all under-bridges will be tested by two 
of the heaviest engines standing on the bridge on each line 
and afterwards running over the bridge. By these tests the 
deflection is obtained. 

He will, whilst walking, carefully watch the permanent 
way and works, making enquiries as to any embankments 
or cuttings that may have given trouble during construction 
or are likely to give trouble. He will see that the rails are 
keyed and the chairs secured, that two connected rods are pro- 
vided for each switch and a gauge-tie for every facing point, 
and that the angle of all crossings is not too obtuse. 

Stations are looked over and it is ascertained that accom- 
modation is provided for both sexes, that there is a clock, 
also station name-boards, sufficient lighting, etc. 

The inspector will notice that mileage posts and gradient 
boards are erected, and that, on gradients steeper than i in 
260, runaway catch points in suitable positions are provided 
to intercept any vehicles that may break loose and run back 
in a facing direction. 

The testing and examination of the signalling and inter- 
locking takes some time. 

The inspector will go into the signal-box and see that the 
signalman has a good view of the line, that the signals stand 
in such positions that they protect trains efficiently, also that 
trains standing at them can be seen from the signal-box. He 
will make sure that all signals that cannot be seen by the 
signalman are provided with electrical repeaters. 

The interlocking is carefully tested and the inspector sees 
that all conflicting points and signals are interlocked. 

He will see that the necessary block instruments are pro- 
vided, also a clock. 

All this and much more is done by the inspector in the 
case of new lines 

Where an alteration is made in an existing line the fore- 
going details are not necessary. All that need be sent to the 
Board of Trade then is a plan of the place showing in red 
the alterations that have been made. On the plan must be 



shown the signals, and the signal-boxes affected and details 
of the duties of each lever. The gradient diagram must also 
be shown on the plan. 

It is desirable to offer to the Board of Trade not only the 
works already referred to but all new signal-boxes, new lock- 
ing frames and places where the signal arrangements are 
re-modelled, so that the stamp of approval of the Board of 
Trade may be upon them. 

Some companies do not regard the Act as applicable to 
temporary works, but it is better that such should be sub- 
mitted. The inspecting officers are most reasonable and will 
not make any unnecessary demands on a railway company 
if the case be submitted to them. 

Included in such works are single-line working during 
re-construction of a bridge, and temporary works in connec- 
tion with new stations, etc. 

When any extensive works are being carried out and some 
temporary alteration has to be made to a passenger line or 
some of the work brought into use piecemeal a copy of the 
plan — a copy of the Parliamentary plan will do — should be 
sent to the Board of Trade asking for provisional sanction 
to bring the works into use from time to time as may be re- 
quired. Then when the whole work is completed it should 
be offered for inspection, the provisional section being 
quoted when the Board of Trade is written to. If any part 
of the work can be inspected from time to time it should be 
done, otherwise bridges and roads will be run over and signal- 
ling, etc., be in work that have not been passed by the Board 
of Trade. 

When a place is offered for insi>ection owing to an altera- 
tion in an existing line it has to be brought up-to-date so as 
to comply with all the requirements of the Board of Trade. 
This, unfortunately, often leads to expense, but the railway 
officials have the consolation of knowing that the signalling 
and accommodation is efficient. 

At the inspection the officer will make notes of the matters 
requiring attention and will generally state verbally if he is 
satisfied. A few days afterwards the Board of Trade report 
will be received by the company. This will be a copy of that 
sent in by the inspecting officer. 

In the preamble, in the case of a new line, details will be 
given of the length of the line, the class of permanent way, 
rails, chairs, sleepers, fencing, etc.; what tunnels there are 
and their length; particulars of over-bridges and under- 
bridges, cattle creeps, culverts, etc., and their span; the 
various gradients and radii of the curves; the stations and 
the junctions. Then will follow details of the signal-boxes 
with the number of working and spare levers. At the conclu- 
sion of the report will be given details of the requirements 
in works, permanent way, and signalling. 

In the case of an alteration and not a new line the report 
is briefer and simply refers to '*a new siding connection with 
the up line" or **the removal of a cross-over road at the east 
end of the station'* or some similar simple description. De- 
tails will then be given of the signalling, as to the number 
of working and spare levers, and will conclude by saying 
either that the work is satisfactory or that certain require- 
ments have to be carried out. 
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Front View of Four-Cylinder Compound Lignite-burning Express 
Locomotive ; Austrian State Railways. 



Board of Trade Regulations as to the Construction 
and Equipment of Tramways and Light Railways 
on Public Roads. 
After two years' experience the Board of Trade has 
amended and extended the Memorandum, issued in January, 
1903, regulating the details of construction and equipment 
of Tramways and Light Railways laid on public roads. 

It will be noticed that the new Memorandum, which is 
printed in full below, is much more stringent than the old 
one was, and some of its provisions will, we think, excite a 
good deal of opposition and cause much trouble in certain 
districts, e.g.y the prohibition of covers to top deck cars on 
3 ft. 6 ins. gauge lines will not be accepted quietly, and is, 
moreover, quite unnecessary. Several of the other require- 
ments are of that grandmotherly order which is so dear to 
the heart of the Board of Trade. The Memorandum is as 
follows : — 

Memorandum on Details of Construction and Equip- 
ment of Tramways and Light Railways laid on 
Public Roads. 
fanuary^ igoj, 

(1) Clearance. — The space between the inner rails of a 
double line must depend upon the overhang of the cars. It 
is, however, necessary that there should be at least 15 ins. 
between the sides of passing cars and also a similar space 
between the side of a car and any standing work such as 
lamp, telegraph and trolley wire posts in a street. 



There should be at least 15 ins. between the side of a car 
and the kerb, whether on straight or curved roads. 

The clearance between the top deck of cars and the under- 
side of bridges should not be less than 6 ft. 6 ins. 

(2) Posts and Brackets. — Centre posts should not be used 
without the consent, in every case, of the Board of Trade. 

The stone kerbing round centre posts should not be such 
as to enable any person to stand upon it as a refuge, unless 
the clearance is ample for safety. 

Where bracket arms 16 ft. in length will not suffice it is 
desirable that span wire construction should be used. 

(3) Permanent Way. — The weight of rails should not be 
less than 90 lbs. per yard, 100 lbs. being preferred. 

The groove of the rail should not exceed one and an eighth 
inch in width, but a groove not exceeding one and a quarter 
inch will be accepted on curves of less than one chain radius. 

The details of permanent way and mode of construction 
as approved by the Board of Trade should not be varied at 
any time without the Board's consent. 

(4) Cars. — Staircases of the '* reversed'' type should be 
avoided, more especially on narrow gauge lines. 

Of existing types the ** trigger" lifeguard is the pattern 
which is preferred. The hanging gate should be as close to 
the ground as possible, and there should be at least three feet 
between it and the front of the guard. Both the guard and 
the gate should be at least as wide as the outside of the frame 
of the truck. 

In order not to interfere with the efficiency of the life- 
guard it is desirable that folding steps should be adopted on 
all new cars. 

The use of covers for the top deck of cars cannot be 
approved in cases where the gauge of lines is 3 ft. 6 ins. or 
less. 

Top deck railings should be at least 3 ft. 6 ins. high. 

The trolley standard must be connected with earth by a 
low resistance fuse or automatic switch, and the warning 
signal, when the fuse or switch opens, should be an electric 
bell. 

Where trolley ropes cannot be dispensed with or tied up 
precautions must be taken to prevent the * 'slack" causing 
accidents. 

To prevent trolley booms being pulled out or trolley stan- 
dards broken ** traps" should be minimised and detachable 
trolley heads provided. 

No material alterations should be made in cars after in- 
spection, nor any fresh type of car adopted, without the con- 
sent of the Board of Trade. 



Young's Patent Valve-Gear and Rotary Valves for 
Locomotive Engines. 

For nearly four years the Chicago and North Western R.R. 
Co. has been experimenting with a new valve gear invented by 
Mr. O. VV. Young, which is illustrated by the annexed drawings, 
and which, according to our American contemporaries, has been 
brought to a high state of perfection. 

The Chicago and North Western is one of the largest of the 
railway systems in the United gfa^^^e^B^ ^^^^ ^^^ ^'°°® ^^^'^ 
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long and possessing over 1,300 locomotives. Its superintendent 
of motive power, Mr. Robert Quayle, may therefore be r^arded 
as one of the leading authorities on locomotives in America, and 
hence his opinion upon the Young Gear and the results it gives 
in service are both valuable and interesting. They are as 
follows : — 

"In June, 1901, the first engine was equipped, and, like all 
first attempts, there were certain details shown up which needed 
improvement. The general results with this engine justified a 




rs::^—'^— 




Fig. I. 

second trial, and in September, 1903, a set of cylinders with the 
special valves and their motion were applied to a 20 by 26 ins. 
Atlantic type (passenger) engine with 81 ins. over the tyres and 
91,000 pounds on the drivers. The experiments with this engine 
lasted some six or eight weeks, and in November, 1903, the 
engine was put regularly into service on the Galena division. 
The engine has been a * tramp ' up to a very recent date ; has had 
all kinds of service, all kinds of engineers hardling her, and prac- 
tically continuous service. It has so far made approximately 
90,000 miles. The tyres have not been turned, the eccentric 
straps have been closed once about ^V ^^^^ eaich ; there is no 
pound in the boxes and the tool marks are still on the motion 
pins. These results are especially interesting to the motive 



records. In a series of comparisons made by the indicator the 
water rate per indicator horse-power was reduced from 22*9 to 
19*3 pounds. The indicator cards also show the cause for the 
slight wear on the machinery, as they are remarkably full, the 
expansion lines being clear and distinct at all points of cut-off. 
Most of the work in passenger service is done at less than 6-inch 
cut-off. 

"The engine is one which will bear thorough investigation. 
While our experiments have been made in passenger service, I 
consider that the performance in freight service will show even 
better results from both operative and economical standpoints." 

It will be noticed that the Young valves and gear bear a strong 
resemblance to the Corliss valves and gear. There are two rotary 
valves working in cylindrical bushes across the ends of the 
cylinders, and the gear by which they are operated will be readily 
understood from the diagram^ fig. i. 

The ordinary link motion is connected by a connecting rod E 
to the rocking shaft C, the upper centre of which c is connected 
by the road r a to a " wrist plate " or X crank ad^ a^ to the centres 
a- and a^ of which are connected the links which work the valve 
cranks G. 



Sec'c*^ (J* <A 
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\'alve used with Young Gear. 
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Young Valve and Gear as applied to Atlantic Type Locomotives. 



power oflScial, demonstrating as they do that the wear and tear on 
the machinery is so remarkably less than that on the engines with 
the D or piston valves. The engine is always ready for service, 
the roundhouse foreman reporting that for his part of it five of 
this type would easily equal seven of the piston valve engines. 
There is one run between Chicago and Clinton, with usually ten 
heavy cars, on which this engine is the only one that can make 
the time. 

"The train dispatchers know the value of the engine and they 
do not hesitate to rely on it to make up time or take an unusually 
heavy run. As a consequence the improvements shown by the 
indicator cards are not entirely realised in actual performance 



Fig. 2. Cylinder arranged for Voong Valre. 

The " wrist plate '* is mounted on a crank, of which the fixed 
trunnions are F, a vertical arm 1*/- of this crank is connected by 
an adjustable link/-/^ to another rocker B, which is connected by 
a rod b'd to a short lever // D on the reversing shaft \\ so ihat as 
the ordinary link motion is notched up the centre / carrying 
the ** wrist plate " is raised, and the admission lead of the rolar\' 
valves H is automatically decreased, while that of the exhaust is 
increased. 



Many of the indicator diagrams taken on the engine witl^ 
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this valve gear, and which have been published in the American 
papers, are most remarkable, and with the engine running at 
29, 40^ 49 and 55 miles an hour show no back pressure at all, 
and at 6^ miles an hour only 2 lbs. But indicator cards taken 
oil one trip, however interesting and however fairly selected, 
^'ill not carry so much weight as Mr. Quayle's above-quoted 
general commendation of the gear. 

Fig. 2 is reproduced from the /Railway and Engmeeritig 
Review, The patent rights are controlled by the Young-Man n- 
Averill Co., of Chicago, III., U.S..\. 



Steam Motor Capriages— South-Eastern and 

Chatham Railway. 

The annexed illustration shows the Steam Motor Carriages 
which have just been built by Messrs. Kitson and Co., Leeds, and 
the Amalgamated Railway Carriage and Wagon Co., Ltd., Bir- 
mingham, to the designs of Mr. Harry S. Wain wright,M. Inst. C.E., 
chief mechanical engineer of the South-Eastern and Chatham R., 
and to whom we are indebted for the photograph and the following 
particulars. 

It will be noticed that Mr. Wainwright has favoured what may 
be termed the detachable engine system with a 4-coupled engine 
provided with an ordinary small locomotive boiler. 

The first of these cars is at work on the Sheppy line, but there 
are several lines or sections of the S.E. and C. system on which 
such vehicles could be used with markedly economical results. 

The salient features of these steam cars are detailed below: — 

The engine is on four wheels, and forms one of the bogies 
-carrying the vehicle. The bogie centre pivot is fixed to a cross 
beam at the end of the carriage underframe. The wheel-base of 
engine bogie is 8 ft., and the wheels, which are coupled, 3 ft. 7 ins. 
diam. The cylinders, which are outside the frames, are 10 ins. 
diam. by 15 ins. stroke. The valve gear is of the Walschaert 
type. 

The boiler is of the locomotive type, with a Belpaire fire-box. 
It has a total heating surface of 381 sq. ft., of which the tubes 
provide 337 sq. ft. The grate area is 8*8 sq. ft., and the working 
pressure 160 lbs. per sq. in. 

The water tanks are placed at the sides, and between the bogie 
frames, and have a total capacity of 400 gallons. 

The coal bunkers are at the ends of side tanks, and carry 
about 1 5 cwts. The engine can be readily detached from the 
^rarrlage, and run separately when in steam. 

The total length over the buffers is 64 ft. 1 1 J ins., and between 
the centres of the bogies 42 ft. The weight of the vehicle 
unloaded is about 38 tons, distributed as follows : — 24^ tons on 
engine bogie and 13^ tons on carriage bogie. 

The steam motor carriage is capable of pulling a trailer 
weighing 16 tons at a speed of over 35 miles per hour on a level, 
or at an average speed, including gradients, of 30 miles per hour. 
It runs very smoothly, rubber pads having been largely employed 
to prevent vibration. 

The engine coal consumption is extremely small, and economy 
in maintenance in several other directions will no doubt result of 
these vehicles. 

The carriage body is 48 ft. 4 ins. long outside, and is divided 
into three compartments, viz. : — 3rd class non-smoking, at the 
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engine end, 19 ft. lof ins. long, 3rd class smoking 14 ft. 
io| ins. long, luggage and guard's compartment 6 ft. 8 ins. 
long. There are vestibules next to the engine and the luggage 
compartment. 

Ordinary hinged doors, opening inwards, are provided in the 
sides of the body, and sliding doors are fitted between the 
guard's and passenger compartments, which are finished with 
teak. 

The seats are arranged back to back, with a gangway down 
the centre. The seating accommodation provides for 32 non- 
smoking and 24 smoking passengers ; ventilation is provided 
oyer each window and in the roof. 

The entrance to the car is through the end vestibule, leading 
to the non-smoking and the smoking compartments respectively. 

The underframe is constructed of steel. The carriage bogie 
wheelbase is 8 ft., the wheels being 3 ft. 6 ins. diam. 

The cars are equipped with the vacuum-automatic and hand 
brakes, which are arranged to be operated from either end of the 
vehicle, as are also the regulator, reversing gear and whistle. 
Electric bells are provided for the guard to communicate with 
the driver. . The cars are fitted with Stone's system of electric 
lighting. 



Private Owners' lO-tons Tank Wagons. 

In our last issue, pp. 52-54, we published the standard specifica- 
tion (drawn up by^ the Clearing House Wagon Committee, of 
which Mr. James Hplden, M.Inst.CE., locomotive carriage and 
wagon superintendent of the Great Eastern R., is chairman, 
and to whom we are indebted for the drawings and specification), 
together with the general drawings which accompany it, of the 
private owners* lo-tons tank wagons, and we now publish detail 
drawings of the frame and the tank supports ] the manhole and 
its cover ; the loading bar and valve ; the tank fastening and the 
cast iron spring shoe. 

As regards the other details we have not given the drawings 
because we have already done so, as noted below : — 

The drawbar hooks and couplings, drawbar plate and draw- 
bar cradle (except the length, which is 2ft. 6ins. inside) are the 
same as for all the other private owners' wagons. 

The intermediate drawbar is the same as that of the 10 and 
1 2-tons private owners' wagons (see Railway Engineer^ February, 
1904). 

The wheels, tyres, axles, axle-boxes are the same as those of 
the 12 and 15-tons private owners' wagons (see Railway 
Engineer^ December, 1904). 
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Tank Fastening Details. Private Owners* lo-Tons Tank Wagons. 

The biitling guides and buffing spring shoe, axle-guard and 
stay, and buffing spring cradle (except as total length, which is 
2ft. 3iins.) are the same as for the 20-tons private owners' 
wagons (see Railway Engineer, October, 1903). 




Cast Iron Spring Shoes. 

The buffer (except diameter, which is i3ins.) and buffing spring 
are the same as for the 10 and 12-tons private owners' wagons. 

The bearing springs with 8 plates (except as to the camber, 
which is S^ins.), and those with 5 plates, are the same as those 
for the 10 and 12-tons private owners' wagons. 

The pressed steel spring shoe is same as for the 10 and 12- 
tons private owners' wagons. 

The horse hooks (except as to the holes, which are ;^in. 
diameter, and the flanges, which are f in. thick instead of ^ in.) 
are the same as for the 15-tons private owners' wagons. 



Steam Motor Cars: Great Central Railway. 

In our issue for last October we published a drawing and full 
description of the Steam Motor Cars which Mr. J. G. Robinson, 
M.Inst.C.E., chief mechanical engineer of the Great Central R., 
has designed and built ^^D^^fj^glj ft^iy \ii[i©@^|^^These 
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cars are 6ift. 6ins. long over the body, and are constructed to seat 1 2 
first and 44 third-class passengers. They are equipped with 
vacuum automatic and hand brakes, electric light, electric bells 
(for the guard to signal to the driver), and steam heating 
apparatus. And they can of course be completely controlled from 
either end. 

It will be seen from our illustration, which has been produced 
from a photograph kindly placed at our disposal by Mr. Robinson, 
that these cars have a particularly handsome appearance and that 
they have outside cylinders, coupled wheels, and the Walschaert 
valve gear. The entrance is arranged at about the middle of the 
car and is provided with hinged steps so that passengers may be 
picked up at places where there are not platforms as well as at 
stations. When not required the steps fall under the body. 

These cars are intended to provide more frequent services 
between towns and in outlying districts, but they are also capable 
of long journeys, for one of them recently travelled from Gorton to 
Marylebone and back. 



Recent Patents relating to Railways. 

These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C, 
from whom copies of the specifications can be obtained at an 
uniform price of Sd, each. 

Automatic Block Signalling. 19,996, i6th September^ 
1903. A. Oesierreicher, 21 Penzingerstrasse^ Vienna XIII,, and 
Lorenz Nemelka, jja Rennweg, Vienna III, 
In this system of block-signalling, an electric block-switch or 
instrument, figs. 3, 4, 5, which is operated by the automatic inter- 
ruption of an electric current, is controlled by connections made 
by the train by means of a single contact wire or conductor or of 
a single rail-contact, and this block-switch or instrument, after 
receiving a series of current-impulses, makes such electric con- 
nections that, on the one hand the corresponding signal is brought 
to the "stop" or "line blocked" position, and on the other 
hand, after this signal has been in the " stop " position, the block- 
switch or instrument of the signal in the rear begins to act and 
switches the motor actuating the signal into the "line clear" 
position. In the above system the signals can either be brought 
positively into both positions or they can be made as gravity signals. 
Figs. I and 2 are diagrams of an electric block system for a two- 
track line, with signals which can be set positively in both direc- 
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tions, and fig. 14 shows the connec- 
tions of a single track provided with 
gravity signals. The blocking and 
freeing of the sections is effected 
by the train through a conductor o 
and contact rail O. The signal 
motors M set the signals S in both 
directions, and also actuate the 
electric switches, one of which is a 
double or reversing switch with the 
contacts 10, 1 1, 12 and 13, while the 
other forms a circuit breaker with 
two brushes k^ ^\ and arc-shaped 
contacts /, 1^, / The storage battery 
a is connected to the block switch L 
by means of the wires I., IL, and the 
common return III. with the motor 




M. If the signal has to be brought 
to line clear the current passes by 
the conductor I., while the con- 
ductor II. is interrupted, but if it is 
brought back to line blocked the 
current passes by the conductor II. 
To prevent the motors from passing 
beyond the end positions the oper- 
ating-rods are provided with dash 
pots, or the motors are stopped by 
short-circuiting brakes. The block- 
switch L comprises the electro- 
magnet /, the armature lever m of 
which is provided with the spring 
contact ni^^ the contact blades 26, 
27, 27^ insulated from the spindle^ 
but mounted thereon, the brass rings 
J, ^*, fig. 2, with their insulating 
fingers /, /\ the spring contacts 29, 
30, 31, 32, and the contact strips 
33, 33\ 34, 34\ 35, 35^- When the 
blade 26 makes contact with the 
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strips 33, 33\ the spring contacts 29, 30 rest against the fingers /, 
while the blades 27, 27^ are out of contact with the strips 34, 34\ 
35> 35^- When the blade 26 makes contact with the strips 33, 33^ 
the corresponding spring contacts 29, 30 rest against the cor- 
responding insulating fingers /, while the blades 27, 27^ are out of 
contact with the strips 34, 34^ and 35, 35^ and the spring con- 
tacts 31, 32 rest against the corresponding brass rings s^ 
and vice versa (see fig. 5). Owing to the circuit break- 
ing device in the block-switch a single attraction 
of the armature /^ does not eifect the switching in 
or out of the contact blades 26, 27, 27^. If storage batteries are 
not provided for each signal station, current is derived from the 
feeder wire a*. The apparatus v connected through conductors 
V, IV to the corresponding wires I, II consists of a manually- 
operated switch 55 and a visual indicator device 62, 63 of 
known construction which is ananged beneath and indicates 
the position of the distance signal. An additional double key z 
is connected to the wire o to take over the function of the train. 
\Vhen gravity signals are employed the motor M on the post moves 
a segment 66 which turns about a shaft and is connected to the sig- 
nal arm by a rope or rod 68. The switch which controls the motor 
is mounted below the motor, and interrupts the current as soon as 
the signal arm reaches the line clear position. The switch plate 
consists of the strips a®, ^, ^, <^, e^,J^, above which are contact- 
])ins mounted in a common bridge piece, movable to and fro in 
the direction of the strips. In one end position of the bridge 
piece the four strips a®, ^, ^^ d^ are connected together, in the 
middle position the two long strips a^, ^, and in the other end 
position the two short strips ^, /^ are connected together. The 
contact strips «®, d^ interrupt the motor current at the proper 
time, while the strips ^, d^ effect the inter-connection 
of the block system with the rear section, and the strips 
e^f/^ effect the operation of the optical controlling apparatus 100 
indicating the position of the signal. The catch device which 
holds the segmental piece in the line blocked position consists of 
two electro-magnets with a movable armature connected to a bell- 
crank provided with a pawl capable of yielding in one direction. 
A hand switch / and clearing switch 98 are provided. The clear- 
ing of a block-section can be controlled by contacts, which are 
arranged on the mechanical interlocking apparatus of the track, 
or on the point-setting mechanism. In multiple arm signals the 
main signal segment is coupled to a piece actuating the 
auxiliary signal by means of a pawl device controlled 
by a separate electro-magnet, so that in bringing the main 
signal into the line clear position, if the pawl-device is acting as a 
couphng by reason of current being supplied thereto, the auxiliary 
signal is also brought into the line clear position, while when the 
current is interrupted in the corresponding electro-magnets the 
signal arms automatically return to the line blocked position. 
{Accepted 26th November^ ^903,) 

Signalling Apparatus (Automatic). 28,421, 28th 
December, igoj. /. Ledbrook, 2S, Golden Hillock Road, Small 
Heath; E, E, Lewis, 7, Palace Road, Small Heath ; and T. 
Hawkins, 4g, Bristol Road, Ed^aston, Birmingham, 

A contact bar or block i is mounted by the side of the rail 2, to 
slide vertically upon forks 3 mounted upon or forming part of a 
horizontal rod 4 sliding in roller bearings 5. The horizontal rod 
is connected by means of a lever 6 to a vertical rod 7, which is in 
turn connected to a second vertical rod 8 through the medium of 
a pivoted lever 9. The rod 8 carries a stud or cam 10 which 
actuates the tail end of a hammer 1 1, so that the hammer when 
moved by the stud or cam 10 strikes a bell gong or discs 12 hung 
at a suitable height from a frame work 13. A vacuum or pneu- 
matic chamber 14 and counterweight 15 are moimted on the 
apparatus to regiilate the time before the striking mechanism can 
come into operation after having been once acutated. A suitable 
rocking arrangement 16 is provided, upon which the contact bar 
I slides in a horizontal direction away from the rail when moved 
by the flange on the wheel of a locomotive. When the contact 
bar I is moved by the flange on the wheel of a locomotive it 
slides upon the rockers 16 away from the rail 2, as shown by 
dotted lines in fig. 3, thus drawing out the horizontal rod 4 to 
which it is connected, the horizontal rod 4 through the medium 



of the levers 6 and 9 and vertical rod 7 drawing down the vertical 
rod 8, which actuates the hammers 1 1 for striking the bell gong 
or discs 12. The apparatus may also be connected to the 
ordinary signalling apparatus by means of a chain or wire 21, 




2 



/*i*«i,rf9h«riM[^ 



attached to the rod 17, upon which the rockers 16 are mounted, 
so that the rockers may be turned down at an angle as shown 
by fig. 4, allowing the sliding block i to slide downwards upon 
the forks 3 of the horizontal rod, and rest upon a seating 18, 
provided lower down the forks, thus allowing the block i to be 
thrown into its actuating position when either semaphore signals 
are at danger. Or the rockers may, if so desired, be actuated 
independently of the signals. {Accepted 22nd December, 1904,) 

Couplings (Automatic). 24,/jj. 6th November, 1903. E. 
Benedttti, 24, Via Napoli, Rome, Italy, 

A casing composed of a drawplate i and side walls 2 has two 
jaws 3 pivoted on its forward end at 4 and provided with tail- 
pieces 5 which project through lateral openings in the casing, 
where they are acted upon by springs 6, which tend to press the 
jaws inwards. A bar coupling 7 of rectangular or square cross- 
section, with both its ends provided with heads rounded off at 
the sides and recessed at their outer ends, but of the same height 








I^ 



IMmtrjlr^gtmafjfUSf^ 



Digitized by 



Google 



March, 1905. 



The Railway Engineer. 



91 



or thickness as the bar, enters with one of its ends into the box 
until it comes in contact with a strong spring 8 mounted on the 
draw plate i, and remains in contact with it by the action of the 
springs 6, causing the jaws 3 to engage behind the head of the 
coupling bar. In order to facilitate simultaneous movement of 
the two movable jaws 3 there is secured to the upper end of the 
shaft 4 of each arm, by means of a key 9, an inwardly directed 
lever or crank 10, their inner ends overlapping in the centre, one 
of them carrying a pin 1 1 sliding in a groove or slot 1 2 in the 
other. By means of this arrangement movement communicated 
to one of the jaws 3 is immediately transmitted to the other. In 
order better to support the coupling bar 7 between the jaws 3, 
two supports 13 of any suitable shape could be added, as shown 
in fig, 4. Two rings 14 on the tails 5 of the jaws 3 serve to 
operate them to uncouple. Two angle plates 1 5 are applied to 
the draw plate i, stiffened by two other plates 16 and 17 by 
means of tie-bars id, and are connected by a cross-bar 19 forming 
part of the draw hook 20 of the existing coupling attached to the 
vehicle. In order to resist and to oppose entirely any other 
strains, four ties 21 connect the ends of the plates 15, four cross- 
bars 22 connecting the ties 21 to the plates 15. Should it be 
desired to use the ordinary coupling hooks 20, the frame and its 
parts can be turned up bodily about the bar 19 as a pivot. 
{Accepted 6th December^ ^904^) 

Couplings (Automatic). 24^144, ist February^ 1^04, 
Fried Krupp Aktiengeseilscha/tf Essen, Germany, 
Relates to means for securing the automatic coupling head to the 
draw-bar or stem in such manner that it can be steadily swung 
aside when the ordinary screw coupling is employed. The head 
4j is rotatably mounted on the bolt b and in such maimer that its 
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literal lugs c embrace the stem d of the coupling on two dia- 
metrically opposite sides. Over the rear end of the lugs c is 
passed a U-shaped clamp e, over the screw threaded free ends of 
which is pushed a bridge piece / which when the automatic 
coupling is in use can be drawn tightly against the lugs c by 
means of nuts. By this means the lugs c of the rocking head a 
can be tightly pressed against the stem d of the coupling. When 
using the draw hook provided for ordinary couplings, the nuts of 
the clamp e are slightly loosened and the clamp pushed towards 
the head piece. The head of the coupling can then be swung 
round and the clamp again pushed forward. {Accepted 8th 
December^ 1904,) 

Signal Lamps. 13,08s* gth June, 1904, IV, H, I. Welch, 
33, Lichfield Road, Bow. 

'fhe upper part of the burner tube d terminates in a cup d^ 
through which projects the upper part of the wick tube, which 
is formed with a number of perforations e'^. A cap g, the upper 
-end of which terminates in a suitably shaped burner piece ^, is 
screwed on the cup ^^ and in the space between the cup and the 
wick tube is coiled a length of cotton wick or other suitable 
absorbent material h. This material may be extended down- 
wardly to the oil tank a through a hole in the cup d^ as shown in 
dotted lines in fig. 3, in which case the oil supply to the reservoir 
constituted by the coiled wick h is independent of the burner 
wick. By means of the auxiliary reservoir of absorbent material 
oil is drawn either from the main oil tank, or from a low level of 
the burner wick, to a higher level of the burner wick at or near 
the point of combustion. When the wick h does not itself extend 
downwards to the oil tank, it is saturated with oil by the burner 
wick which is in communication with the storage wick h through 
the holes e^ in the burner tube. A concentrating lens 
or condenser / is arranged in front of the lantern with its 



axis in line with the flame, and similar lenses may 
be provided in the back or sides of the lantern. 
When the lamp is intended also to illuminate a lateral signal such 
as a semaphore arm or the distinctive signal of a distant signal 
lantern such as described in the Specification to Patent No. 15,343 
of 1898, it is provided at one side with a lens adapted to concen- 
trate and direct the light in a vertical plane and form a sector 
beam, which illuminates the semaphore or the distinctive signal 
of the lantern. The preferred form of lens is shown in the draw^- 
ing, and consists essentially of a segment of a substantially 
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cylindrical shell k, the axis of which is horizontal, and the 
curvatures of which give the required focussing effect. In the 
arrangement shown the inner face of the lens is cylindrical and 
the outer face has a transverse circular curvature of suitable 
radius. The air required for combustion passes through holes n in 
one or mere of the side walls into a chamber such as o inside 
the lamp, whence it is allowed to issue through, and is distributed 
around the flame by means of holes o^ in the edges or sides of the 
chamber, thereby preventing any draught or direct impingement 
of the air on the flame, and thus enabling a smaller flame to be 
employed {Accepted 22nd December, igo4^ 

Tramcars. 4,603. 24th February^ 1^04. E, A, Stanley 
and J. E. Anger, of Electric Railway and Tramway Carriage 
Works, Strand Road, Preston 

The drainage of the roof or top deck A, of the car, is improved 
and the lowering of the sashes of the roof cover, where such is 
employed, is facilitated by formin along each side of the car 
between the outer face of the upper ongitudinal rail B of the car 
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body, and an outside board C that is preferably flush with the 
advertisement board D, an interspace or interspaces £, which 
form vertical passages to lead off any water that may fall on the 
roof or top deck A of the car. The longitudinal rails B lie 
immediately above the ordinary inlet ventilators F or side openings 
and the passages £ therefore have their outlets G immediately 
above and on the outside of the ventilators F. The flooring 
boards of the top deck A are stopped short of the outside boards 
C and advertisement boards D, and thus clear passages are left 
through which water falling on to the top deck A will drain away. 
This arrangement is specially suitable for cars with top deck 
covers, because the vertical passages E are made so as to be 
practically a continuation of the cavities or ways H down which 
the window sashes of the roof cover slide, and thus it is possible 
to slide down the sashes much lower than is customary, in fact 
their bottom edges can be slid below the top deck A without 
interfering in any way with the drainage. That part of the inter- 
spaces £ where the sashes slide is preferably made wider than the 
sashes so as to leave a free passage for water drainage to run down, 
and thus whether the sashes are down or whether they are raised, 
water will flow down these interspaces E and drain away to the 
outside of the car at G. The passages E also form air ducts by 
which fresh cool air is admitted. These drainage passages are 
placed at intervals along the entire length of the car. The dash 
plate of the car is built up in segments I so that if one of the 
plates be broken or bent the damaged part can be readily 
replaced. In the stairs a perforated riser is provided for the 
driver to look through, and provided with a hinged door P which 
can be shut down to close the perforations, or folded up flat 
against the underside of the step above. {Accepted jist December, 
1904.) 

Crossings. 4,221, igih February, igo4, R, A, Hadfield, 
Parkhead House, Sheffield. 

The crossing, which is cast in one piece of manganese steel, com- 
prises two side portions i and 2 that are connected together 
throughout their length and between their upper and lower sur- 
faces by an intermediate horizontal portion 3, which, for a part of 
its length. and for a part of its width, is extended upward to form 
the wedge shaped point or tongue portion 4. The gradually 
diverging wedge shaped portion 4 of the crossing is extended 
longitudinally beyond the horizontal portion 3, as shown at 4*, 
and each extension is combined with a downwardly extending 
transverse end piece 8 and also with vertical side portions 9, 
which, in cross section, are made of a shape corresponding to 
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that of the stock rails to be used with the crossing, and are con* 
nected by vertical laterally inclined portions 10 tu the side por 
tions I and 2. Strengthening ribs, 11, 12, 16, are formed on the 
lower portion and on the sides of the crossing, whilst each end is 
formed with an extension 19, to which the stock rails 20 are 
secured. As will be seen from the several sectional views no 
part of the crossing is of great thickness or mass in the shortest 
direction, not more than about two or three inches as a maxi- 
mum, and the greater portion of the crossing is of nearly uniform 
thickness, so that the whole casting is specially adapted to with- 
stand the heat treatment to which it is finally subjected, such heat 
treatment consisting in slowly heating the casting one or more 
times to a suitable toughening temperature and subsequently 
cooling it, as by immersion in water. Furthermore, by the 
construction described, the crossing is rendered light and also 



elastic or yielding under loads travelling over it. (Accepted 22nd 
December, 1^4.) 

Couplings. j,jj5, loM February, 1904, A. G. Spencer, 
7Jy Cannon Street, London, 

This invention has reference to coupling chains with a triangular 
tightening link interposed between the end links, and its object is 
to enable the tightening to be readily effected. For this purpose 
the adjacent ends of the inner and outer links of the chain are 
connected together by flexible connectors such as chains, so 
arranged that either of them can be readily engaged by the end 
of a pole, such as a shunting pole, held by a person a! either side 
of the vehicle, and lifted, so that assuming the coupling chain to 




have been connected to the draw-hooks of two adjacent vehicles, 
and to be hanging in a slack or loose condition in which the inter- 
mediate link is suspended with its longest sides extending in a 
more or less longitudinal direction, the inner ends of the inner and 
outer links will be simultaneously raised and moved nearer 
together and the intermediate link caused or allowed to turn upon 
one of the links and fall into a position in which its short side will 
be uppermost, and in which it will hold the adjacent ends of the 
inner and outer links near together, and so shorten the coupling 
chain and effect a tight coupling of the vehicles. With a view of 
reducing liability of the outer link becoming accidentally detached 
from the draw-hook, by shock caused by the outer end of the 
inner link striking against the opposite inner surface of the inter- 
mediate link, the surface is suitably inclined. {Accepted is tk 
December, 1904,) 

Wagon Coverings, 2,677, 3rd February, IQ04. H, Hartley^ 
Clarence Chambers, Corporation Street, and V, Canova, jj, 
Gopsall Street, Birmingham. 





This invention provides a mechanical, appliance for spreading > 
cover sheets over loaded wagons, which comprises a portable ^ 
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standard or framing a and a jib c provided with lifting tackle. The 
jib can be inclined to suit the height of the load by operating a 
lever 1, and can be transversed horizontally in respect to the 
standard by cords and drums, or as shown by racks and pinions 
h. The lifting tackle, by means of which the sheets k are 
raised and spread, consists of a number of grips or clips / 
attached to a horizontal bar m, with lifting chains or ropes «, 
which pass over suitable guide pulleys o mounted upon the cross 
shaft d at the front end of the jib, and are anchored or secured 
upon the winding drums / on the cross shaft e at the other or 
rear end. The shaft e is provided with a suitable hand rope or 
<Hher operating or lifting wheel q. The connection between the 
ropes n and the horizontal or lifting bar m is effected through the 
raedhim of shackles as r, or in other convenient manner. Suit- 
able means are provided for releasing the grips when the sheet 
has been spread. {Accepted 8th, December, 1904,) 

Bu£fers. go6. 13th January, 1^4, A, Cashmore, 100 
Lyttietoft Street, West Bromwich, Stafford. 

This invention relates to the production of buffer cylinders from 
sheet steel blanks. A blank having a sufficient thickness and 
mass to produce a cylinder of the desired size is punched out 
while hot, then reheated in a usual gas or other furnace and treated 




fIG. 2 



FIG * 
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in a press, where it is placed over a die, whilst a plunger descends 
and forces it into the shape of a collar or truncated cone, and 
this process may require several re-heatings and treatment in more 
than one pair of tools. The cylinder is then finished by press- 
ing in a final press to produce the necesary flange on the large 
end, or it may after re-heating be treated in a rolling mill such as 
is used for rolling tyres, for finishing and flanging the cylinder. 
{Accepted 8tk Dece mber, IQ04^ 

SPECIFICATIONS PUBLISHED. 
A.D. 1903. 

l89Sa Electrical signalling or railways and tramways ; TunsUlI. 24133. 
Car couplines ; Bencdctti. 25908. Apparatus for grinding rails of tram- 
ways and the like whilst in position ; Bennett and Moorwood, 26962. 
Emergency hook or coupling hook for railway vehicles ; Friederici (Stepan). 
27493. Apparatus for operating points and signals on railways and tramways ; 
Walker and Bidder. 27614. Rolling or re-rolling of rails ; Lentx and Tozer. 
28053. Detonating and luminous signals; Senthe. 28077. Couplings 
{automatic); Wait. 28269. Fog signalling apparatus; Bailey. 28421. 
Audible stgoalliog apparatus; Ledbrook, Lewis and Hawkins. 

A.D. 1904. 

220, Composite rail ties or sleepers ; Bowman. 717. Fog-signalling 
apparatus; De Senan. 906. Buffer cylinders; Cashniore. 1388. Fluid 
pressure brakes; Westinghouse Brake Co., Ltd. (Wcstinghouse Air Brake 
^•)« I703« Fire-boxes for locomotive boilers ; Kemmericn. 2182. Appli- 
ance for cleaning tramway and like rails ; Fawdon. 2544. Jo»"^ f'°' ^'**" 
rails, &c. ; Firth. 2587. Seats for railway vehicles ; Lake (Budd). 2599. 
Means for securing axles to corves, tubs, wagons, &c. ; Blackburn. 2677. 
Covering goods wagons or trucks ; Hartley and Canova. 2768. Joints, and 
the construction and setting of tramway and other rails ; Shepherd. 
2845. Railway vehicles ; Ames. 2961. Apparatus for the simultaneous lock- 
ing and unlocking of carriage doors ; Munro. J261. Valves for fluid pressure 
brakes; British Thompson- Houston Co., Ltd, (General Electric Co.). 3355. 
Couplings ; Spencer. 3384. Safety guard for carriage doors ; Singleton and 
Rushton. 4089. Cormecting chairs to sleepers ; Holden. 4'3'' Tramway 
brakes ; Betteley. 4221. Crossings ; Hadfield. 4274. Safety devices for tram 
cars; Ecbte and Purdie. 4307. Operating tramway points; Bousfield 
<Chesi). 4603. Tramcars and other vehicles; Stanley and Anger. 
4676, Insulators for the conductors of electric railways; Bradford, 
Ward and Fumiss. 5017. Frogs or crossings ; Kimball and Conners. 
507a Fluid pressure brakes ; OrlofT. 6929. Safety devices for tramcars ; 



Nuttall and Pearson. 11323. Label holder for wagons; Bower. 1 1923. 
Seats for railway vehicles ; Budd. 12016. Repairing worn rail heads at the 
abutting ends of rails. Melaun. 13085. Signal lamps or lanterns ; Welch. 
13149. Couplings; Roche. 15343. Electric railways and tramways with 
overhead conductors ; Anderson and Dunne. 1 7120. Point and switch 
mechanism ; Thurston. 17535* Supporting and fixing tramway rails; Pol- 
lard. 18988. Safety apparatus for tramcars ; Stanley and Anger. 19234. 
Rail joint and electric rail bond ; Webber. 20679. Brakes ; Marx 
and Kroschwitz. 21456. Detonator apparatus ; Burris and Kerr. 
22057. Rail joint and means for securing rails to sleepers; Lingard. 
22178. Rail joints ; Wheatley (Minor). 22199. ^^ cup for railway com- 
partments ; Sponneck. 23999. Drilling cramp for rails ; Kemmish. 24144. 
Couplings (automatic) ; Fried Krupp Akt.-Ges. 24722. Electric tramcars 
and safety devices therefor ; Whittaker. 24759. Couplings (automatic) ; 
Fried Krupp Akt.-Ges. 24886. Rail joints ; Cloud. 25187. Pavements 
and permanent way substructures ; Von Prunkl. 25363. Tramways and the 
like ; Kenway. 25724. Rail chairs ; Annis and Devore. 25870. Nut 
locks ; Wise, Cooper and Miller. 26046. Couplings ; Lecompte. 

Official Reports on Recent Accidents. 

Near Downton Station, L. & S.W.R., on the 2nd 
November, Major J, W. Pringle, R,E., repot is that : — 

Owing to the breakings of a coupling a portion of the 4.50 
p.m. up goods train from Wimborne was left behind on the 
single line at the south end of Downton Station and was run 
into by the 7.58 p.m. down passenger train from Salisbury. 
Two passengers complained of injury. 

Downton Station is on the single branch line from Salisbury 
to Wimborne, which is worked on the electric tablet system. 
A train approaches from the south on a rising gradient of i in 
78, and from the north on a falling gradient of i in 100. The 
actual length of level through the yard between these gradients 
is about 187 yards. The available length of loop for passing 
trains is about 130 yards. 

The goods train arrived at Downton Station 25 minutes 
behind time, and it was necessary to detain it to allow an up 
and a down passenger train to pass through the station, and 
which were due at 7,51 p.m. and 8.17 p.m. respectively. 

The goods train, consisting of an engine with 31 vehicles, 
was about 225 yards long, whilst the available length of loop 
line in the station is only about 130 yards, and there is no 
siding into which the train could have been shunted. It was 
therefore first drawn outside the loop on to the single line 
north of the station, so as to allow the up passenger train to 
run into the loop, and then backed through the down loop on 
to the single line at the south end of the station. 

This was done about 7.50 p.m., and after the up passenger 
train had left the goods train was kept in its position on the 
single line, outside the up home signal, until the down pas- 
senger train arrived at 8.19 p.m. The whole of the goods 
train was during this interval standing on a gradient of i in 
78, the engine at the higher end. 

The down train arrived, and Signalman Summers was then 
able to obtain a tablet for the goods train to proceed over the 
single line to Alderbury Junction. He lowered the up home 
signal and the goods train started and entered the up loop 
line. 

As the train moved away the coupling between the i6th 
and 17th vehicles parted, and the rear 13 waggons and 2 brake 
vans were left behind on the single line. These 15 vehicles then 
commenced to run back down the incline; but after running 
about 50 yards they were checked and brought to a standstill 
by brakesman Ingram, who applied his hand brake. 

Suipmers, as the goods engine passed, handed the tablet 
to the fireman from the six-foot way in front of the signal- 
box. He did not wait to see the tail lights of the goods train 
pass him before returning to the box. He accordingly lowered 
the down starting signal for the passenger train, which had 
attained a speed of 20 miles an hour when his engine struck 
the standing waggons. He did not see the side light on the 
rear brake van, and was not aware of the waggons having 
been left behind, or of any obstruction in front of him, until 
the collision took place. 

Driver Dart and fireman King, enginemen of the goods 
train, and guard Wisdom, who travelled in the leading brake 
van behind the engine, were also unaware that half of their 
train had been left behind, until they had run about 100 yards 
beyond the signal-box. Wisdom then §how^ ^r^ Jjght, 
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and Dart stopped the train. The train must by that time have 
travelled at least 300 yards from where it started. 

A coupling line broken at the end and with a bad flaw was 
found, and it probably was the one which directly caused the 
accident. 

The collision would not have occurred if signalman Sum- 
mers, as was his duty, had taken the proper steps to assure 
himself that the whole of the goods train had passed him 
before allowing the passenger train to proceed. 

It is difficult to excuse guard Wisdom and driver Dart for 
not discovering at an earlier moment that they had left half 
the train behind them. Under Rule 171 (/) the driver must, 
**when the train has started, see that his fireman exchanges 
hand signals with the guard in rear, so as to be sure that the 
whole of the train is with them.*' Where there is a front and 
rear guard, as in the case of this goods train, it was manifestly 
the duty of the front guard to exchange signals with the rear 
guard, and in the ca«e of the non-receipt of an **all right** 
signal it should have occurred to both front guard and engine 
driver that something was wrong long before the train had 
travelled so far as it did. It was not the non-receipt of the 
hand signal which caused Wisdom to show a red light, but 
the speed attained after getting into the loop, which drew 
attention to the lightness of the train. The night was dark, 
but quite clear. 

The length of the loop being only 130 yards the signalman 
had to adopt the clumsy method of working which has been 
described. 

But in view of the steep gradients at either end of the 
yard the method of working adopted involves, as this case 
proves, danger from couplings breaking. To obviate this dan- 
ger some action is desirable, such as the lengthening of the 
loop, so that it shall be capable of containing full length 
goods trains, or the construction of a refuge siding into which 
such trains can be shunted when required. It is hoped that 
the Co. will be able to see their way to carrying out the neces- 
sary works. 

At Snow Hill Station, S.E. & C.R., on the gth 

November, Major J, IV, Pringie^ R,E., reports that : — 

The 7.16 p.m. (Loughborough Junction to Moorgate 
Street) had just started, when a following train, the Midland 
Co. 7.2 p.m. (Victoria to Kentish Town), struck it. The 
rear guard of the first train was severely bruised, and com- 
plaints of shock were received from two passengers in the 
Midland train. 

The collision occurred on the down, or western, road at the 
south end of Snow Hill Station; the railway from Ludgate 
Hill to Snow Hill having a general direction from south to 
north. The two signal boxes concerned, viz., Ludgate Hill 
North box and Snow Hill box, are both at the north ex- 
tremity of the respective station platforms and on the west 
of both lines of way. The distance between the two boxes 
is about 475 yards. For a length of 214 yards the railway is 
in tunnel. After passing Ludgate Hill North box a train on 
the down line travels on the level for a distaxice of 75 yards. 
Thence there is a very sharp falling gradient through Snow 
Hill Station with an inclination of i in 39. 

The traffic between the two stations is worked on Sykes' 
lock and block system, by which the Ludgate Hill "North 
down advance starting signal cannot normally be operated 
for a second train until a treadle in advance of the Snow Hill 
down starting signals has been actuated by the previous down 
train, and until it has been electrically released by the signal- 
man in Snow Hill box working the plunger on his down line 
lock and block instrument. 

In addition to the usual instruments, there is in Ludgate 
Hill North box a special bell, which is actuated by a separate 
electric circuit, the completion of which is only made by the 
drop of the indicator of the Sykes ordinary instrument from 
** Locked "to '*Free.** This bell continues to ring until its 
circuit is broken by the replacing of the down advance signal 
to danger after the signal has been lowered. 

The lock and block instruments are maintained bv Svkes 



and Co., whilst all the wires in connection with them are main- 
tained by the railway company. 

Signalman Dunk, of Ludgate Hill North box^ explained 
that the first of the two trains concerned left Ludgate Hill 
Station at 7.33 p.m., under normal conditions. Shortly after- 
wands, when the train had actuated the treadle in advance-, 
he replaced, .his down advance signal to danger behind the 
train. The second train arrived at Ludgate Hill at 7.35 p.m., 
and Dunk permitted it to start at 7.36 p.m., by lowering the 
down starting signal. His intention at the moment was to 
hold the second train at the down advance signal. He did 
not offer this train on the bell instrument to Snow Hill, as he 
had not received the clearance bell signal from Snow Hill for 
the first train. As the train was running out of the station 
the chatterer bell began to ring. This bell commences ringing 
at the same moment as the release of the down advance signal 
is made, and continues ringing until the signal lever is worked 
and replaced. Forgetting that no bell signals had been ex- 
changed with Snow Hill regarding the second train the sound 
of this bell led Dunk instinctively to lay hold of the down ad- 
vance signal lever and pull it over. The lever answered his 
pull and came over in the frame in the ordinary way, as if it 
had been properly released, and the signal was thereby 
lowered for the second train. 

Driver Buckett, of the Midland train, states that he saw 
the down advance signal was **off** before passing Ludgate 
Hill North box, and steamed past it. He found the down dis- 
tant signals at danger and travelled through the tunnel at a 
low rate of speed with steam shut off and brakes applied. He 
could not see the down home signals for Snow Hill until he 
was abreast of them. These signals are in the tunnel in the 
six-foot way, 12 yards from the south end of the station plat- 
forms, and were all at danger. He immediately applied his 
brakes fully, but was unable to avoid a collision owing to the 
proximity of the train in front of him. 

The collision was brought about by the admission of the 
second train into the block section between Ludgate Hill 
North down advance signals and Snow Hill down starting 
signals when that section was occupied by the first train. 
This breach of block working was occasioned either by irregu- 
larities on the part of one or both of the signalmen con- 
cerned, or by a failure of the lock and block signalling appara- 
tus. The evidence points to the latter of these two alter- 
natives. 

The casting which forms the vertical slide to the lock hold- 
ing the down advance signal lever was broken. The lock 
might thus have dropped out of the vertical, in which case 
the lever would be free to move, when the indicator on the 
instrument showed that it should be *iocked." 

But the breaking of this casting would not have caused 
the chatterer bell to ring, or have lowered the indicator of 
the Sykes instrument from **Locked** to **Free.*' 

The evidence proves that a fault, amounting to nearly a 
full **earth,*' was found on the nth November on the Sykes 
down line circuit in the tunnel between the two stations. 
Other wire circuits in the same cable were discovered to be 
**earthing.** Although there is no evidence to prove actual 
contact and short circuiting from other wires, there is the 
evidence of lineman Mussared to the effect that on the loth 
November, when he was fitting the new locking in Ludgate 
Hill .\orth box, the indicator on the Sykes down line instru- 
ment dropped on two occasions from "Locked" to **Free,'* 
and the chatterer bell must consequently have rung without 
any apparent cause. In view of this statement, and of the 
faulty condition of the circuits, it is not unreasonable to con- 
clude that the same occurrence may have taken place on the 
night of 9th November, as described by signalman Dunk. 

It is difficult to say whether the breakage of the casting 
might have been prevented by more careful examination or 
more frequent renewals, but the fauh on the Syke^ instrument 
wire could undoubtedly have been discovered and remedied 
before it had attained any serious dimensions. The case 
points to the necessity for more careful inspection and exami- 
nation, and more frequent testrng of all details in connection 
with the ,s\stem of working in "se^-JjIyjip^^^lgrpi^j^^^O [^ 
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Mr. Alfred Baldwin, of Stourport, ironmaster, M.P. for the 
Bewdley Division of Worcestershire, and a director of the Great 
Western R., has been elected chairman in succession to Earl 
Cawdor, who has retired from the Board on his appointment as 
First Lord of the Admiralty in succession to the Earl of Selbome, 
who has been appointed to succeed Lord Milner in South Africa. 
Mr. Baldwin was elected a director of the Great Western R. in 
1 90 1. He is chairman of Baldwins, Ltd., one of the largest iron 
and steel "combines " in the country, and also of the Metropolitan 
Bank of England and W*ales. 

The Rt. Hon. Walter H. Long, M.P., has also resigned 
his seat at the Board of the Great Western R. on his appoint- 
ment, with a seat in the Cabinet, as Chief Secretary for Ireland. 

The Marquis of Salisbury has been appointed President 
of the Board of Trade in succession to the Rt Hon. 
Gerald W« Balfour, M.P«, who has been translated to the 
Presidency of the Local Government Board. 

The Hon. Alfred E. Gathorne-Hardy, deputy-chair- 
man of the Souih Eastern R., has been appointed a member of 
the Railway and Canal Commission in succession to the Rt. 
Hon. Viscount Cobham, who has resigned. He has also 
been appointed chairman (unpaid) of the Light Railway Commis- 



sion in succession to the Earl of Jersey, who has held this 
office since the Commission was created in 1896, and which, 
while it has been of considerable service to tramway promoters, 
has quite failed to accomplish the object for which it was estab- 
lished, namely, to facilitate the construction of light or feeder 
railways for the benefit of the agricultural industry. 

Mr. Wm. B. Worthtngcon, engineer-in-chief of the Lanca- 
shire and Yorkshire R., has been appointed engineer-in-chief of 
the Midland R. in succession to the late Mr. J. A. McDonald. 
Mr. Worthington commenced his career upon the L. and North 
Western R., and remained with that railway company until he 
joined the Lancashire and Yorkshire R. 

Mr. Richard Evans, general manager of the Barry R., 
has resigned his office and has accepted a seat at the Board. In 
1848 Mr. Evans entered the service of the Rhymney R. as a lad, 
and 40 years afterwards had risen to be assistant manager of the 
railway. At this time the Barry R. was about to be opened, and 
Mr. Evans was appointed general manager of it. The traffic was 
waiting for the railway to open, and 3,000,000 ions of coal were 
carried and shipped during the first year (1890) after the No. i 
dock was opened. Since that time the progress of the railway 
under the management of Mr. Evans has been continuous and 
most remarkable. 

Mr. E. A. Prosser has been appointed general manager, Mr. 
W. G. Griffiths engineer, Mr. Richard Jenkins locomotive 
superintendent, and Mr. J. S. Kendall storekeeper of the 
Rhymney R. in succession to Mr. C. Lundie, who, up to the 
time of his elevation to the Board, held all these offices. All the 
above gentlemen have been, for some time, more or less conduct- 
ing the business of the respective offices to which they have now 
been definitely appointed. 

Mr. F. Wintour, district locomotive superintendent of the 
Great Northern R. at King's Cross, has been appointed to 
fill the vacancy at Doncaster, caused by Mr. D. E. Marsh going 
to the Brighton R., and not Mr. Maunsell as stated, by 
error, in our last issue. Everyone will be pleased to know that 
the company have been able to fill this post from their own staff, 
as the importation of officials from other companies has any- 
thing but an encouraging effect upon those who not unnaturally 
consider that they have a prescriptive right to promotion. For 
this particular appointment there were, we understand, consider- 
ably over 200 "outside" applicants. 

Mr. R. J. Morrison, assistant manager of the Midland 
Great Western R. of Ireland, has been appointed goods 
manager, and Mr. Thos. Elliott, also of the manager's staff, 
has been appointed to be superintendent of the line. These are 
both new offices. 

The Loco Packing Company.— Change of Address. 
The London Office of the Loco Packing Co., and also of Mr. 
C. C. Braithwaite, has been removed from Moorgate Station 
Chambers to Finsbury Pavement House, E.C. 

Rating Appeals by the Great Northern Railway Co. 
We are pleased to be able to record another successful appeal by 
the Great Northern R. Co. against an increased assess- 
ment. These continued victories should encourage Mr. A. J. 

Brickwell, the company's surveyor, to instkute ^p:| ; il^ejt^must 
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also be very gratifying to the shareholders, and ought to stimulate 
other railway surveyors to prosecute similar crusades. 

Railway companies cannot object to increases in the pound- 
age rates, but they can appeal against increased assessments, and 
it is from increased assessments that railway companies suffer 
most. Rating authorities do not like to increase the poundage 
because that brings the burden too near home, on to their own 
backs in fact, and they much prefer to lighten their own taxes by 
raising the assessments of railway companies. 

In this particular instance the Assessment Committee of the 
Grantham Union recently raised the assessment of the Great 
Northern R. Co.'s property in that Union, consisting of 1 1 miles 
of the main line to York, 22 miles of the Nottingham, Lincoln, 
Sleaford and Woolsthorpe branches, together with 9 stations, &c., 
from ^34,130 (most of which were settled in 1875) to ;^62,o34. 
The company appealed, and the matter was referred, by agree- 
ment, to the Recorder of Grantham, Mr. T. S. Soden, to arbitrate. 

The enquiry, which was opened at Grantham and then ad- 
journed to London, occupied 6 days. Certain items, principally 
stations, had been agreed between the parties, and these increased 
the former assessment by ;£ 2,119. ^^^ statutable deductions in 
every parish were also agreed. Over 20 parishes were affected by 
the appeals, the total figures (including the items agreed) put 
forward on behalf of the Assessment Committee being ;^67,823 
against the figures proved on behalf of the company (also including 
those agreed of ;^25,405). 

The arbitrator's award fixes the rateable value (including 
the agreed figures) at ;^3 7,040, which is ;^24,994 less than the 
assessment appealed against, and adds only ^791 to the original 
rateable value of the line of railway. In 1 2 parishes the original 
assessments have been reduced. With the exception of the costs 
in respect of Grantham Station, and which the parties after the 
hearing had proceeded a short time, the arbitrator orders the 
Assessment Committee to pay the costs. 

Mr. Ernest Page, K.C., and Mr. W. C. Ryde, instructed on 
behalf of Mr. A. H. Malim, Town Clerk of Grantham, appeared 
for the Assessment Committee ; and Mr. J.,H. Balfour Browne, 
K.C., and Mr. W. J. Noble, instructed by the company's solicitor 
(Mr. R. Hill Dawe), appeared for the Great Northern R. Co., 
whose expert witnesses included Mr. A. L. Ryde (Ryde and Sons, 
29, Great George Street, S.W.) ; Mr. P. M. Faraday (Faraday and 
Rodgers, 77, Chancery Lane, W.C.) ; Mr. A. J. Brickwell, sur- 
veyor to the G.N.R. ; Mr. Henry Escritt, Grantham ; Mr. J. W. 
Rowe, Peterboro ; Mr. D. E. Marsh, locomotive engineer 
L.B. and S.C.R., and late assistant locomotive engineer 
G.N.R. Co. ; Mr. G. Whale, chief mechanical engineer 
L.N.W.R. Co.; Mr. J. G. Churchward, locomotive engineer 
G.W.R. Co.; and Mr. T. R. Johnson, assistant engineer, Mr. 
C. L. Edwards, accountant, Mr. W. T. Weeks, stores superinten- 
dent, and Mr. A. Moscrop, horse superintendent, G.N.R. Co. 

**The Engineer for the Time Being." 
This is a very common phrase in engineering specifications, and 
has hitherto been supposed to mean that if the engineer at the 
time when the specification was signed left the work his successor 
would settle disputes. But Mr. Justice Bray has decided that 
this is not so, and that the " engineer for the time being " means 
he engineer in chaise at the time when the difference arose, and 



him only, and not any engineer who may have been appoiuted 
since the difference occurred. The point arose in the case of 
Strachan v, the Cambrian Railways Co. The plaintiff was 
contractor for the construction of light railways, and the contract 
provided that " any dispute which may arise under this contract 
" shall on the completion of the works, and not before, be referred 
" to Alfred Jones Collin, or other the engineer for the time being 
*• of the light railway, and his decision shall be final and conclusive." 
A difference arose and it was referred to Mr. Collin, who declined 
to act, partly because of ill-health and partly because he had 
a personal interest in one of the lines. Meantime Mr. Collin 
had ceased to be engineer to the Cambrian Railways, and Mr. 
McDonald had been appointed in his stead, and the dispute was 
referred to him, but Mr. Justice Bray decided that Mr. Collin 
alone could settle the matter, and this decision has since been 
upheld by the Court of Appeal. It will, of course, be .]uite easy to 
guard against the point arising again. 

•X- 

Accelerated Express Services; North-Western R. 

In connection with the new and accelerated express services be- 
tween Euston, Birmingham and Wolverhampton : between 
Oxford and Cambridge direct ; and between Manchester, Liver- 
pool and the North and Eastbourne, Brighton and Hastings, to 
which we referred in our last issue, the L. and North- Western R. 
Co. have issued a most attractive time-table, the first page of 
which illustrates the present 2-hour method of travelling between 
Euston and Birmingham, the last page ** how our grand- 
fathers travelled," and the two inside pages the complete time- 
tables of the services above mentioned and the foreign connections 
with them. The 2-hour Birmingham expresses, the through 
Oxford and Cambridge expresses, and the through carriages 
between the North-Western line and Brighton and Eastbourne 
are printed in red. The L. and North-Western is evidently 
preparing for the big fight which in the near future will take place 
for the London-Birmingham traffic. From the 2-hour Birming- 
ham expresses leaving Euston at 1 1.50 a.m. and 4.45 p.m. carriages 
are slipped for Leamington and Warwick, and which make the 
journey in ih. 52mins. and ih. symins. respectively. 

The Simplon Tunnel. 

The headings of the Simplon Tunnel met on 24th February. 
The tunnel is the longest in the world, being 1 2^ miles long. It 
is quite straight except for slight curves at the ends. The 
headings were commenced simultaneously at the Italian and 
Swiss ends in November, 1898. Eventually the tunnel will con 
sist of twin tunnels, with a single line in each, but only one 
tunnel will be completed at first. According to the contract one 
tunnel should be finished by the end of this month. The con- 
tractors are Brandt, Brandau and Co., Hamburg, and but for 
unexpected difficulties, particularly the tapping of enormous 
springs of hot, almost boiling, water which flooded the headings 
and stopped the work for several months, the tunnel would have 
been finished long ago. The gradients are much easier than 
they are in Mont Cenis or St. Gothard tunnels. The Italian end 
rises at i in 143, and the Swiss end at i in 500. The gradients 
meet at about the middle of the length, where there is a level 
length about 500 yards long. The summit is only 2,313 ft. 
above sea level, but at one place the tunnel is J'Oooft. J^xwv ^^ 
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the surface of the earth. The section is 18 ft. high by i6i ft. 
wide. The cost of the Simplon Tunnel is less per cubic yard 
than either of the other Alpine tunnels because of «the improved 
mechanical appliances that have been available. The strata 
driven through were mostly hard gneiss and schist. The contract 
price for making the single-line tunnel and the lateral ventilating 
gallery (which will subsequently be enlarged into the tunnel for 
the other line) is ;^2,326,ooo. The opening of the Simplon 
Tunnel will have far-reaching effects upon international traffic. 
The distance between London and Italy by it will be reduced by 
about 60 miles as compared with the St. Gothard route. 

Great Central Railway ; removal of Offices to London. 
On the 25th ultimo offices of the general manager, the chief 
engineer, and the superintendent of the line were removed from 
Manchester to London, and all communications for Mr. Sam 
Fay, Mr. C. A. Rowlandson, and Mr. R. Haig Brown respectively 
should be addressed to them at Marylebone Station, London, N.W. 

Metropolitan Railway Electric Service. 
On the 21st ultimo a trial trip with an electrically operated train 
H-as made over the whole of the Metropolitan R, Co.*s portion of 
the Inner Circle, viz., from Baker Street Station to South 
Kensington, back to Aldgate, and returning to Baker Street. The 
trial was satisfactory, and indicates that this company is ready to 
commence electric working on the Inner Circle. 

Extension of City and South London R. to Euston. 
The contract for this work has been let to Messrs. Walter Scott 
and Middleton, and when it is completed it will be of great value 
to the L. and North Wesiern R., because Gower Stret^t Station is 
loo far away to be convenient. 



Books, Papers, and Pamphlets. 

TA^ E/ements of Railway EconomUs, — Bv W. M. Acworth, M.A. 
London: Oxford University Press Warehouse, E.C. New York, 91-93, 
Fifth Avenue. 1905. 

The author states that during the nine years he has lectured 
on Railway Economics ** he has constantly been hampered by the 
** want of an English textbook of the subject." Ashe has been 
prevented from completing the book he had planned, and as no 
one else fulfilled his hope by writing one, he has written the 
excellent little work before us, but which he himself very modestly 
describes as " an incomplete fragment." 

It is true that the book is not an exhaustive treatise, but our 
difficulty is to find expressions sufficiently complimentary to apply 
to it. There is no redundancy about it, and its pages are as full 
of instruction as the proverbial egg is of meat. One reaches 
the last page with regret and with a desire for more. 

The introductory chapter describes what a railway is and what 
its functions are and wherein they differ from those of a canal, 
omnibus, or steamboat. 

Chapter II. is devoted to a consideration of railway capital 
and how it has been invested. 

The next three chapters deal with railway expenditure, in the 
first of which lailway expenditure is reduced to four general 
heads, viz., general charges, maintenance of ways and 



works, mamtenance of rolling stock, and traffic expenses. 
To the consideration of the first and second and the third and 
fourth of these heads chapters IV. and V. are devoted respectively. 
Stress is laid upon the paucity of figures available from British 
railways as compared with foreign lines, and it is shown what the 
abstracts B. and D. of an English (the L. and S.W.R.) company's 
accounts have been expanded into by English railway men " free 
** from the fetters of a statutory form of accounts, fixed 40 years 
" ago, and practically unchanged since." The accounts of the 
Buenos Ayres Western R. are taken as a comparative example. 

The two following chapters deal with railway income, and 
discuss some impracticable methods of charging for transport, 
and demonstrate that *' to claim that rates shall automatically be 
fixed on the basis of cost of carriage is to claim what is 
impossible." The claim for " equal mileage " rates is also shown 
to be a bad one. 

Chapter VI I. sketches the historical development of railway 
income, and brings us to one of the most interesting in the book, 
viz., Chapter VIII., on "charging what the traffic will bear," and 
in which the author shows the justice of this principle, and sup- 
ports it by a chapter of telling analogies recounted in Mr. 
Mr. Acworth's well-known attractive style. 

Chissification occupies Chapter X., and the methods of 
charging Chapter XI., while the interference of Parliament with 
classification and rates is the subject of the last chapter, in which 
the author shows that the effect of Parliament fixing maximum 
rates has been to prevent the lowering of rates, because managers 
will not risk reducing a rate in case they might want to raise it 
again, and would not be able to do so without a law suit. 

" Economics " has a " dry " sound, but when expounded by 
Mr. Acworth's pen it becomes quite a fascinating subject. 

PitroUum, By Sydney H. North. London and Newcastlc-on-Tyne: The 
Walter Scott Publishing Co., Ltd. 1904. 

This is an instructive little work which deals with the subject 
under the following heads : — Origin of Petroleum, Chief Oil-fields 
of the World, Geological Conditions, Composition of Crude Oil, 
Refining the Oil, Drilling for the Oil, Testing Petroleum, Oil for 
Motors, Oil for Fuel Purposes, Petroleum on the English Market, 
Transport and Storage, and an Oil Property and its Management. 
There is also an appendix consisting of a tabulated statement 
showing the yearly productions of the various oil-fields from i860 
to the present time. 

•X- 

Books Received. 

Hritish Standard Spaificationfor Strtutural Stesifor Marine Boilers. 
British Standard Specification and Sections of Flat-bottomed Railway Rails, 
Temperature Experiments on Field Coils of Electrical Machines carried out 
at the National Physical Laboratory, 

Reports issued by the Engineering Standards Committee, Leslie S. 
KoDertson, M.Inst.C.E., secretary. London: Crosby, Lock wood and 
Son, 7, Stationers' Hall Court, E.C. December, 1904. [Price 2s. 6d, 
net each.] 
cjas and Oil Engines, An elementary instruction book for amateurs and 
engine attendants. Bv Waltrr C. Runciman. London : Percival 
Marshall and Co., Poppin's Court, E.C. [88 pp. ; price dd, tUt,] 
This is one of the Model Engineer Series, and iu contents are truly in 
accord with its title. It is illustrated by a number of diagrams, which are clear 
and quite sufficient for the needs of the work. 

Publications of the British Fire Prevention Committee, Edited by the Execu- 
tive. London : Published at the Offices of the Committee, i, Waterloo 
Place, Pa^l Mall. [Price 2s, 6d, each.] 
Na 82. The Standards of Fire Resistcuue of the British Fire Previntion 
Committee^ as adopted to serve as universal standards at the Internationa] 
Fire Prevention Congress, London, 1903, with translations into German 
and French, together with special tables of measurements, weights and 
temperatures converted into their metric equivalents. 
The Committee's Reports on Fire Tests :— 

No. 84. Partition formed with Jabex Thompson's Patent ** Terrawode " 
Brick wood, and erected by Jabez Thompson, North wich, Cheshire. 

No. 87. Automatic Sprinklers submitted for test by the Albion Sprinkler 
Company, Ltd., London. 

>fo. 88. Partition formed with '* Kulm " Slabs, erected by Horace W. 
Collom and Co., London. 

No. 89. Pctrolite Lamp manufactured by Petrolite, Ltd.^London. 
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Steam Motor Carriages; North Staffordshire 
Railway. 

By the courtesy of Mr. John H. Adams, locomotive engineer of 
the North Staffordshire R., we are able to publish the 
annexed diagram and particulars of two steam moior carriages 
which are being built by Messrs. Beyer, Peacock, and Co., Ltd , 
at Gorton, to his designs. 

These carriages are, it will be noticed, of the " divided " type, 
the engine being separate from the carriage body. They are 
constructed to seat 40 passengers third class. They have outside 
cylinders with Walschaert valve gear and "single" driving wheels 
and a " loco " type boiler. 

They are intended to work between Silverdale and Trentham, 
and to pick up and set down passengers at convenient places 
where there are not stations, but there are other sections that will 
be worked by similar vehicles should the first two prove to be 
successful. 

We hope on future occasions to be able to give further 
drawings, but, in the meantime, the following particulars will be 
useful for the purpose of comparison with similar vehicles which 
have been built by other companies : — 

Cylinders, S^ins. diam. x i4ins. stroke. 

Engine wheels, 3ft. Sins. diam. ; carriage wheels, 3ft. 6ins. 
diam. 

Wheel base of engine, gft. 6ins. ; of carriage bogie, 8ft. 

Wheel base — total, 38ft. iiins. 

Centre to centre of bogie centres, 30ft. 2ins. 

Length over buffers, 50ft. sins. 

Weights (about) on the driving wheels (leading), 9 tons 15 
cwt. ; on the trailing engine wheels, 8 tons 5 cwt. ; on the 
carriage bogie, 14 tons 10 cwt. ; total, 32J tons. 

Boiler pressure, 180 lbs. per sq. in. 

Coal bunker capacity, 15 cwt. 

Water tank capacity, 450 galls. 



Holzapfel's "Pintoff" Paint and Varnish Remover. 
Many attempts have been made to supersede the time-honoured 
process of ** buming-off " old coats of paint, enamel and varnish 
by the application of a liquid " paint remover," but so far as we 
are aware the compositions hitherto placed on the market have 
possessed or developed some inherent defect which has caused 
their use to be abandoned. 

The principal troubles experienced with them in railway work 
— particularly carriage work — have been the injury done to the pins 
and screws fixing the panels, fascias, mouldings and fittings, and 
the "raising" of the grain of the wood. Some compositions 
have also been more or less injurious to the heahh or harmful to 



the hands and tools of the workmen, and others have left deposits 
which injured the new paint or varnish. 

Holzapfel's Composition Co., Ltd., Newcastle-on-Tyne, are 
now introducing a new paint remover under the registered name 
of " Pintoff," and which appears, so far as we have been able to 
judge by practical experiments, not to possess any of the disquali- 
fications above mentioned. "Pintoff" is of about the same 
consistency as cream. It is applied with an ordinary brush to 
the painted, enamelled, or varnished surface, and allowed to 
stand from 5 to 15 minutes, after which the surface is cleaned off 
with a stiff brush or painter's knife. Very old painted or varnished 
surfaces require the " Pintoff" to be left on them for a longer time, 
but it so softens the old paint — four or six coats — that it is readily 
removed with a knife leaving the surface clean, dry and smooth. 
For carved work and mouldings a stiff brush is the most con- 
venient tool to use, and it is on such surfaces that " burning off" 
is most diflficult to carry out, and, therefore, on which the use of 
" Pintoff " would produce greatest economies. 

After the "Pintoff" has been cleaned off it is recommended 
that the surface should be wiped over with cotton waste saturated 
with methylated spirits, benzine or turpentine, or if neither of 
these be available water may be used, after which the surface is, 
immediately it is dry, ready for the new coat of paint or varnish. 



"Helios" Patent Die-8tocl<8. 

An interesting mechanical movement has been introduced 
into the ** Helios ** stocks and dies, which are illustrated by 
figs. I to 4, and from which it will be seen that four dies are 
placed in a square frame in such a way that the movement of 
one die operates the other three. 




Fig, I. 
By reference to fig. i it will be seen that the die 1 engages 
with a projection on a nut which traverses on the operating 
screw through the stock, and the adjacent sides of the dies 
making angles of 45^ to the sides of the frame it follows that 
the movement of die i in either direction to or from the 
central position gives a corresponding and simultaneous move- 
ment to each of the other dies whereby they are opened or 
closed. 
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The dies are ^^t with accuracy by the micrometer read- 
ing (for both rigl^t and left hand threads) on the frame and 
the index on the collar of the operating: screw shown on fig, 2, 



Fig. 2. 
These marks enable pipes or bolts to be screwed to the same 
diameter, standard or otherwise, and are particularly useful 
in repair work where pipes have to be screwed to fit old con- 
nections. 



Fig. 3. 
The dies are held in the stock by a cover plate (see fig. 2), 
which is readily removable and which also protects the micro- 
meter marking. 



B 



Fig- 4- 
These stocks are made in seven sizes; the smallest will 
screw from i in. to f in. and the largest from 3 ins. to 4 ins., 
but as the sizes overlap any two sets will cover a wide 
range, e.g., from J in. to 3 ins. 



The dies are made of a special tool-steel and in such a 
way that they cut the full depth of thread in passing down 
the work once. They are then opened and the stock lifted 
off, thus saving the time usually lost in turning off the work. 
Neither is it at all necessary to prepare or champher the end 
of the work in any way. 

The stocks are also provided with a patent removable 
guide, shown in figs, 3 and 4, and which is made adjustable 
on the same principle as the dies. This enables a pipe or bar 
to be screwed perfectly square without the necessity of trueing 
up the end. The guide can also be used as a tap wrench. 

Screwing machine heads are also made with the dies, 
moved upon the same principle except that a lever is used 
instead of a screw. 

Further particulars of these tools may be had from Mr. 
S. Stone, 75, Finsbury Pavement, London, E.C. 



Alfreton Second Tunnel.* 



The Alfreton Second Tunnel was undertaken in 1899 ^ P^^^ o^ ^^^ 
Midland R. Company's scheme for widening their main line 
in Derbyshire. The new tunnel is 90 feet from the old, and, like 
it, is ^ mile in length. The tunnel cuts through the coal 
measures, and several beds of coal were met with, from which 
fuel for the contractors* engines, &c., was obtained. 

Owing to the extensive cuttings required at both ends of the 
tunnel it was not possible to attack it from the ends ; five shafts 
were therefore sunk on the centre line, and from these the whole 
of the tunnelling was done. The tunnel was driven of full size in 
both directions from each shaft, but when the working-faces had 
approached to within 2 chains of each other a small heading was 
driven through in order that the alignment and levels might be 
checked. In no case was there any appreciable error, although 
the only instrument used for setting-out the centre-line was an 
ordinary 5-inch transit theodoUte. 

The tunnel is built of red bricks procured in the locality, and 
is faced internally with best Staffordshire brindle bricks. The 
thickness of the tunnel-ring is 2 feet 3 inches, except for a few 
lengths in which it is 2 feet yi inches, and the shaft lengths, 
which are 3 feet thick. Most of the tunnel was worked in lengths 
of 15 feet, but at one point these had to be reduced to 12 feet, 
owing to extra pressure on the timbering. 

A g jod deal of water was met with in driving the tunnel, and 

in order to drain this away from the working-faces earthenware 

pipes were laid below the invert. The permanent drahiage of the 

*"""-» '" effected by means of a 2-foot brick culvert built on the 

«'or turning the arch of this culvert, centering mounted on 

was used. This effected a considerable saving in time. 

dered it possible to build the culvert at the rate of 

44 lineal yards per day. The drainage of the shafts 

is effected by means of earthenware pipes built 

in behind the brick lining of the shafts and tunnel, 

and discharging into the tunnel at rail-level. The 

water which accumulates around the shaft-lining is 

collected and led to these pipes by means of brick 

s " encircling the shaft-linings just below 1 the water- 

trata. 

)rickwork at the intersections of shafts and tunnel con- 
lly of blue bricks in cement, the arris beings formed of 
ricks made to the proper angles. The permanent way 
he tunnel consists of loo-lb. rails, which, before being 

, ,.^."e painted with four coats of red-lead paint. The 

ballast is of slag. 

Special care was taken, in designing and building the tunnel- 
fronts, to avoid the failures which sometimes occur at these 



•Abstract of a paper by Mr. E. F. C. Trench, M.A., B.A.I., read before 
the Instilulion of Civil Engineers, February, 1905. 
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places. The face-wall was built to a batter of i in 6, and in order 
that the brick courses of the tunnel-ring might be brought in 
normally to this batter the tunnel was given a bell-mouth, the 
vertical axis being increased in length by 2 ft. at the face. To 
increase the longitudinal strength of the tunnel hoop-iron straps 
were built between the brick courses at each face. 

The time occupied in building the tunnel was nearly two 
years. The works were carried out at the direction of the com- 
pany's engineer, the late Mr. J. A. McDonald, M.Inst.C.E. The 
contractors were Messrs. Thomas Oliver and Son, and the author 
acted as resident engineer. 



Tool Stands for Work Shops. 

The annexed illustrations show two patterns of Tool 
Stands, which are a useful speciality manufactured at Slough 
by the Consolidated Eng-ineering Co., Ltd. 

These stands form convenient receptacles for tools, acces- 
sories and partly finished work, which, when not laid on the 
floor, are commonly deposited on the machine beds, which, 
unless carefully protected, are soon seriously damaged 
thereby. 

The stands are from 2 ft. 6 ins. to 3 ft. high, and occupy 
but little floor space, and contribute greatly to the orderly 
appearance of a shop. They are very strong and light, the 
trays being stamped out of steel ;^\ in. thick and the uprights 
consisting of wrought-iron tube. Besides being made as 
shown in the illustrations, they are also made with castor 
feet, which renders them very portable. We have heard these 
stands very highly spoken of by those who have them in use 
in their shops. 



" Steelead " Stair Treads. 

We illustrate herewith a non-slipping stair-tread which is 
being largely used by several railway companies. It com- 
bines great durability with all the advantages of a plain sheet 
of lead. 

The steel wire is made up into a stout woven mesh and tl:e 
lead completely incorporated with it by means of enormous 
hydraulic pressure. The construction of the resultant mate- 
rial is well shown bv the illustration. 



This tread cannot spread out or " wrinkle" and become 
dangerous, as sheet lead is so liable to do. It is easily fixed by 
means of nails or screws and readily adapts itself to worn 
treads of either wood, stone or iron. 

It is manufactured by the Consolidated Engineering Co., 
Ltd., of Slough, who will supply any further information 
that may be desired, and who are just now filling an order 
for 150 square yards of it for one of the leading home rail- 
wavs. 
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An Attempt to Show Qraphicaliy the Deflections 

and Bending ^Aoment8 in the Britannia Tubular 

Bridge as described in Clarke's Book, Vol. II. 

The bending moment in the centre of the long span from dead 
load alone is found as follows : — 

IV/ -r 8 = 1,553 tons x 460 ft. -r 8 = 89,272 ft. tons, 
and this (Clarke p. 673) gave a mean central deflection of 12-57 
ins. 

The bending moment in the centre of the short span from 
dead load is found as follows : — 



3iiins. from its bearing, and the junction C was now made. As 
soon as this was done the extremity D was lowered, and this was 
found to raise the centre of tube B C 1-57 ins. more, and also to 
raise its own centre 2-35 ins., whilst the small tube A B had its 
deflection slightly increased. 



AWb.-- The letters rtier 19 
ralves on Fig. 7. 




Wi -r 8 = 600 tons X 23 ft. -7- 8 = 17,250 ft. tons. 
" The deflection of the land tubes due to dead load only was not 
ascertained as they were united to the large tubes before they 
were allowed to take the deflection from their own weight." (p. 
764.) 

When all the tubes were placed in position ready for con- 
nection over the three piers or points of support B, C and D, fig. 
I, the first proceeding was to raise the end of the Anglesey short 




The short tube E D was then raised 14J ins. at E, and in 
this condition was united at D, and lowered to its permanent 
bearing. 

This raised the centre of D C 1-34 ins. more, or a total of 
3*69 ins., and the deflection in the other long tube C B was 
raised 3*46 ins. 

But this, while it raised the centre of D C 1*34 ins., also 




Fig,3, 



tube 14^: ins., join it to the adjoining large tube and lower it 
to its former bearing. 

This raised the centre of the tube B C 1*89 ins., which, on 
the principle that the deflection varies as the stress, may now be 
drawn to scale on a diagram, figs. 2 and 3. 

The junction of the two tubes A B and B C now being 
accomplished, the end D of the second long tube was raised 



Dead load only 

had the efiect of lowering the other long tube C B 0*32 in., and 
again this downward motion of the long tube had a perceptible 
efiect in raising the adjacent short tube A B. 

Now consider the moving load as exemplified on page 709 of 
the book — 

The bending moment in the long tube due to moving load was 
/r/-r 8 = 248 tcnsx 460 ft. -f 8 = 14,260 ft. tons. 
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and the bending moment for moving load m small tube was 
(load = 248 tons x 230 ft. ^460 ft. = 124 tons)= 
124 tons X 230 ft. -^ 8 = 3,565 ft. tons ; 
the mean deflection of one long tube under the 

moving load was ... ... ... ... =0-676 in. 

and this raised the other long tube ... ... =010 }» 

and the adjoining short tube =0109 „ 

and it was also noted that the deflection of the 

short tube under the above load was =0141,, 

By the principle of proportion it may be taken that if the 
mean deflection of the long tube discontinuous was 12*57 in.s. 
for 1,553 tons dead load, then for the 248 tons additional moving 
load it would have been — 

12*57 x248-r 1553 = 201 ins., 
but the long tube did not deflect to this amount, but only 0*676 
ins., and now the reduction in the bending moments due to 
the continuity may be obtained by fig. 4 below, 
and diagram fig. 5 can now be drawn. 




U l-oi" deflection »j 

Another diagram (fig. 6) showing the final eflect of the dead 
and moving loads will naturally follow. 

It is now desired to find the unit stress in the flanges. 

The flange areas and outside depths of the tubes are given 
in the book (page 588), but the depth centre to centre of the 
series of cells should be taken in the calculation. 

This is given on page 759 as 27 ft. 6 ins. in the centre of 
the long span and in decimal figures this reduces the depth 
29*29 ft. — 27*50 ft. = r 79 ft. 

Taking this amount from the outside depth is assumed to 
give the virtual depth in all cases. 

With these values of depth and area the stress can be 
obtained from the bending moments already found. 

This at the centre of the large span, and with the deflection of 
12*57 ins., is 

89,272 ft. tons-r 27*5 ft. X 585*43 sq. ins. = 5*545 tons to the 

sq. inch. 

The following table can now be made^ the stress being 
modified according to the depth and area at each point. 

{a) (d) (c) a-^bxc 

Bending = 

moments stress 

from Outside Virtual in tons 

Poiiits. diagram depth. depth. Area. per 

Fig. 6. sq. in. 

ft.-tons ft. ins. feet. sq. ins. 

Centre of short span 13,100 25 2J 23*41 4i4'55 1*35 

(bottom) 
j 592*49 1*59 
Land tower ... 23,700 27 oi 2i;'2^i v^^P) 

/ 2 D O^ 35976 

^ (bottom) 



Centre of long span 71,600 29 3J 2750 585*43 4*44 

(bottom) 
r 618*89 3*79 

Britannia tower ... 48,700 ^00 28*21 -k' ^'^^^ 

' (bottom) 
In the flange area no deduction is made for rivet holes. 
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The Strength of Timber Treated with 
Preservatives.* 

Effect of Preliminary Steaming and of Different Preservative 

Chemicals and Processes upon Both Green and Seasoned 

Timber, 
With the increasing use of timber, preserved in one way 
or another against decay and fire, it is important to determine 
the effect which the preserving process has upon the strength 
of the preserved timber. Many engineers believe that 
creosoted timber is more brittle and less capable of with- 
standing strains than the same timber before being treated 
with creosote. This is particularly true with bridge timbers 
and piling. 

Actual tests are necessary to determine what relationship 
exists between the preservative process and the strength of 
the timber. Most of the tests hitherto made with preserved 
timber were made by comparing results of tests on treated 
sticks with results on untreated sticks. In many instances 
these turned out in favour of the untreated timber. The reason 
why such tests are unfair to the preservative is that in the 
process of preservation two factors enter : (i) The actual pro- 
cess of impregnation with a preserving substance, and (2) The 
preliminary processes of steam seasoning, in the majority of 
treating plants in the United States. A piece of timber subse- 
quently treated with creosote may be steamed to such an ex- 
tent that the timber becomes exceedingly brittle. This, 
obviously, will be the fault of the steaming and not of the 
creosote. 

Timber preservation divides itself broadly into three 
stages : First, the preliminary preparation; second, the actual 
preservative process; and third, the treatment of timber fol- 
lowing preservation. The final strength of the timber 
may be influenced materially by each of the stages. 

The Bureau of Forestry has erected an extensive plant on 
the grounds of the St. Louis Exposition for carrying on a 
series of investigations of the methods for preserving timber, 
and of the influence various preservative processes have upon 
the strength of the timber. These investigations have been 
organised and outlined by Doctors von Schrenk and Hatt, of 
the Bureau of Forestry. 

This general plan was pursued during the last few months 
at the timber treating and testing station at St. Louis in 
accordance with the following outline : 

(i) To determine the effect of the preliminarj' processes, 
such as steaming, oh the mechanical properties of the timber. 

(2) To determine the effect of preservatives on the strength 
of timber, eliminating the effect of the preliminary processes. 

In order to determine the efl"ect of these factors, the pro- 
gramme was divided into two parts — part i, the effect of the 

* Issued from the Bureau of Forestry of the Department of Agricultare of 
the United Slates Government. 
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preliminary process, and part 2, the effect of preservatives. 

The effects of the preliminary process were determined 
only on loblolly pine. Both green and seasoned timber was 
used in determining the effect of preservatives. The preser- 
vative fluids investigated included only creosote and zinc 
chlorid. 

In making comparative strength tests of treated and un- 
treated timbers, it is necessary to eliminate as far as possible 
the variations due to the great differences in quality of indi- 
vidual pieces of wood. This was accomplished in this case 
by using ii-foot timbers cut at the same time from one forest 
site. In testing the influence of preliminary processes of 
seasoning, a 3-foot section was cut from one end of each 
timber and sawed up into test pieces, which furnished a basis 
of comparison between (i) the results of tests on these **con- 
trol'* pieces, and (2) the results on test pieces taken from the 
remaining 8-foot section after the latter had been subjected to 
the various preliminary seasoning processes in the treating 
c\'linder. 

In testing the effect of preservatives themselves the entire 
ii-foot timber was subjected to the preliminary seasoning 
processes, after which a 3-foot section was cut from the end of 
each timber. The 3-foot section thus having been subjected 
to the preliminary seasoning processes formed a basis of com- 
parison with the remaining 8-foot section, which was treated 
with the preservatives. In this way the separate effects of 
the preliminary processes and the effects of the preservatives 
could be isolated and determined. 

Because of an apprehension that defects of brittleness of 
treated timbers might not be evidenced by the ordinary tests 
under slowly applied loads, provision was made for both 
static tests and impact tests. The test pieces were subjected 
to crossbending strain, compression along the grain under 
both static and impact conditions, and under shearing parallel 
to the grain and compression at right angles to the grain 
under static conditions. The data taken include the moisture 
conditions, specific gravity, and rate of growth. During 
the treating operations, records were kept of the temperature 
to which the timbers were subjected at all stages, the amount 
of water lost or gained, and of the amount of preservatives 
absorbed, as indicated by gross weight and subsequent 
chemical analyses of the test pieces. 

Ordinarily the strength tests were made immediately after 
treatment in the cylinder. In order, however, to determine 
what weakness might be introduced by changes in the phy- 
sical condition of the preservatives in the wood through lapse 
of time, a complete series has been set aside for subsequent 
operations. An additional set of test pieces has been loaded 
with different percentages of the strength, as exhibited under 
the ordinary tests, and this load allowed to act for long periods 
of time, the deflections being measured from day to day. 

While this programme is not sufficiently advanced to allow 
the drawing of final conclusions, yet the preliminary results 
are fairly indicative of what may be expected. It is found 
that the steaming process weakens the resistance of the wood 
fibre to both static and impact loadings. It may be stated 
that this diminution of strength is very nearly in direct pro- 
portion to the length of time that any given steam pres- 



sure is applied. The diminution of strength was found to 
be 25 per cent, after a pressure of 20 pounds was applied for 
ten hours to green loblolly pine, and 10 per cent, when a pres- 
sure of 20 pounds was applied for four hours. This diminution 
of strength increased very rapidly when the pressure rose 
above 20 pounds, and amounted to about 25 per cent, when 
a pressure of 50 pounds was applied for four hours. 

It will be easily seen that when the conditions of time and 
pressure are made very severe, the conditions prevailing in 
a pulp mill industry will be approximated. Evidently it is 
well to avoid when possible the the use of these preliminary 
steaming operations in the wood preserving industry. 

With relation to the effect of preservatives themselves, 
the latter is distinct from the preliminary process. It may 
be said that the treatment with zinc chlorid does not seem to 
further reduce the strength of timber beyond the effect of the 
steaming process. This might have been expected when it 
is considered that the strength of the zinc chlorid solution 
ordinarily used does not exceed 2^ per cent. The strength 
of timber that had been treated with the 2^ per cent, solution 
of zinc chlorid after having been steamed four hours at 20 
pounds pressure was the same as that of timber which had 
been steamed without the subsequent application of zinc 
chlorid. The same statement may be made of timber treated 
with an 8J per cent, solution of zinc chlorid. It may be that 
subsequently the crystallization of the zinc chlorid will weaken 
the wood fibre. This remains to be determined. 

The effect of the creosote appears to be the same as that of 
an equal amount of water in weakening the fibre. That is 
to say, the strength of creosoted timber is that of green timber. 
The difference is that while green timber gains strength upon 
seasoning, the creosote oil remains in the wood, and, it 
appears from analysis of a pile 35 years old, that the oil 
remains in a liquid condition. Consequently, comparison 
between seasoned timber and creosoted timber will always 
result to the disadvantage of the latter as far as its strength 
is concerned. In the case of creosoted wood, it also remains 
to determine what changes in the wood fibre take place 
through lapse of time in the presence of creosote oil. 

It is expected that a bulletin will be issued upon the results 
of these investigations when the tests are completed. This 
bulletin will also contain the results of the investigations to 
determine the best methods of preserving wood so that the 
maximum impregnation may be obtained with the least ex- 
penditure of oil per cubic foot of timber. 



Pullman Car Framing. 



The present design of body-framing adopted by the Pullman 
Palace Car Company for their cars is illustrated by fig. i. 

The sides of the car below the lights are built up with 
the underframe to form a girder. The length over sills is 
>j2 ft. and between the centres of bogies 56 ft. The bogie 
wheelbase is 10 ft. 6 ins. 

The side sills, 8 ins. x6 ins., are spliced over the truss 
post, the splice on one side being placed out of line with that 
on the other side, as shown on the plan of floor framing. The 
middle sills, 6 ins. x 4^ ins., are also spliced and break joint 
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in a similar manner. All the spliced joints are strengthened 
by bolting- a length of timber 6^ ins. x 3 ins. along one side 
of them. 

A frame of wrought iron, 3 ins. x f in., is fixed over 
the bogie. The bottom member of this frame rests on the 
side sill, while one nearly vertical and two diagonal members 
connect the top member, which is 2 J ins. xf in., and which 
runs the entire length of the car and is fixed to the waist rail. 

The sides are framed to form a queen truss; the timber 
bracings are 7 ins. x 1} ins., the end pieces are double 
notched on to the side sole, and timber of the same section is 
built in to complete the trussing above and between the 
queen posts for the floor trussing. 

Pillars, 4 jV ^^^' X if i"^» are placed at short intervals, 
with struts 3 J ins. x ij ins., the whole being bolted together 
with J in. bolts, those between the windows passing through 
the cant rail. 



Fig. I.— Body Framing adopted \ry 
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The sides are further stiffened by i^^ ins. boards or * 'con- 
tinuous blocking,'* running the whole length of the car. 

The arrangement of the floor framing is show*n by the 
plan; the middle timbers run through from end to end of the 
frame, with trimmers between them and the side soles, trans- 
verse tie bolts being used freely. 

The bogie centres or bolsters are of cast steel bolted 
below the framing. The floor framing is stifl^ened by four 
truss rods, which are 2 ft. below the sills, the length of the 
carriage necessitating a greater depth than is usual in this 
country. The side truss rods, ij ins. diam. with 1 J ins. ends, 
are secured to the bogie centre casting, and the middle rods, 
1^ ins. diam. with ij ins. ends, are carried above the b^igic 
casting and through the end sills, into which a wrought iron 
washer plate, J in. thick, is let in flush with the timber to give 
the nut a good bearing. 
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Transverse truss rods, J in. diam., are also fitted at two 
places under the frame. 

Some of these cars have wrought iron bogie centres or 
bolsters, a cross section of which is shown. At one end and 
on one side only cast iron floor joists are used in connection 
with the Safety Car Heating and Lighting Co. 's steam 
jackets between the sills at the heater room end. 

Pullman Standard 6-Wheeled Bogle. 

The bogie used for these long cars is illustrated by fig. 2. 
The wheelbasc is 10 ft. 6 ins.; the sole bars of the compound 
or sandwich type, a plate ^in. thick being bolted on each side 
of the timber, which is 3^ ins. thick. The head stocks have a 
plate % in. thick on the outside only. The sole bars are secured 
to the head stocks and cross bearers by flanged castings. 
The bogie centre rests on a transverse beam, which is sup- 
ported by and connected to the two bolsters by two diamond 



bar frames of 4 ins. x i^ins. iron, and the ends of the bol- 
sters are tied together by arched bars 4 ins. x 2 ins. 

The usual equalising beam is used, with double coiled 
springs between them and the sole bars. 

The bolsters are 7 ins. deep x 9J ins. wide and are built 
up of two plates f in. thick, one plate f in. thick, and three 
slabs of timber 5 ins., ij ins., and ij ins. respectively, all 
sandwiched together as shown on the drawings. 

The Reconstruction of Moncreiffe Tunnel.* 

MoNCREiFFE TuNNEL, OQ the Caledonian R., near Perth, 
is 1,2 18 yards in length, of which, before reconstruction, 842 yards 
were lined with brickwork and 376 yards were unlined. The 
reconstruction was necessitated by the deterioration of the brick- 
work of the lined portions since the tunnel was built in 1848, and 
the disintegration of the rock at some of the unlined portions, 
resulting in pieces falling on to the rails. 

The reconstructed tunnel has 1,083 yards lined with brick- 
work, the remaining 135 yards being unlined. Advantage has also 
been taken of the reconstruction to enlarge the internal section of 
the tunnel, and to raise the rails so as to give room for more 
ballast between the bottom of the sleepers and the rock forma- 
tion. The new section has vertical side walls and a segmental 

•Abstract of a paper by Mr. D. McLellan, read before the Institution of 
Civil Engineers, February, 1905. 
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Fig. 2. — Pullman Standard 6-wheele(l Bogie. 



arch, and admits of the passage of the largest west-coast joint 
stock with open doors. The minimum thickness of the side walls 
is 9 ins. and that of the arches 18 ins., the average thicknesses 
being i'66 ft. and 2 06 ft. respectively. The lining is faced with 
blue brindle bricks. 

The water in the surrounding ground, which finds its way to 
the brickwork lining of the tunnel, flows down the extrados of the 
arch into channels leading .to chimney drains built in the side 
walls. It escapes from the chimney drains through Are-clay pipes 
built in the walls, and flows to either end of the tunnel through 
larger fireclay pipes laid on the formation close against the side 
walls. 



The temporary works were situated at the north end of the 
tunnel, the chief of ihem being a protective overhead platform, a 
cement-shed, a 3-ton derrick crane, and electric-light and air plant 
The overhead platform, besides being a convenience in dealing 
with the excavated and building materials, served to protect the 
traffic on the railway from the jib of the crane when in use. The 
cement-shed was capable of holding 100 tons of cement. 1 he 
electric-lighting and air plant supplied light for the whole tunnel 
during the operations, and fresh air for the workmen, who, without 
it, would not have been able to remain in the tunnel for a reason- 
able time, owing lo the presence of smoke emitted by engines 



passing through. 
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While the reconstruction was in progress the traffic was 
worked on a single line of rails laid in the centre of the tunnel. 
The actual work of reconstruction inside the tunnel was carried 
on with the aid of four steel travelling shields, the principal 
dimensions of which were 32 ft. long, 22 ft. wide and 
16 ft. 8 ins. high. There were openings through the shields, 
13 ft. 8 ins. wide and 13 ft. 6 ins. high, for the passage 
of the trains. These openings were lined with timber, which 
served as a protection both for the traffic on the railway and 
for the workmen engaged on the top of the shield. Each shield 
consisted of two parts, which were connected rigidly together 
with bolts, and which could be taken apart if necessary. Small 
trolleys, running on narrow-gauge lines, conveyed the excavated 
and building materials between the base of operations at the 
north end of the tunnel and the shields. They were assisted on 
Sundays, during the cessation of ordinary traffic, by wagons on 
the running-line. 

The reconstruction of an originally unlined portion of tunnel 
was comparatively simple, owing to the ground being rock. The 
shields merely acted as a protection, and were scarcely ever 
. required to carry any load other than the weight of the workmen 
and of the building materials. The side walls were built clear 
of the shields, and ordinary tunnel centres were used for the 
building of the arch. 

In the reconstruction of an originally lined portion of tunnel 
in soft ground the old brick lining was supported off the leading 
end of the shield. A top heading was driVen over the extrados of 
the old arch to allow of the two centre crown bars being drawn. 
The old arch was removed, commencing at the crown, and the 
length was timbered as in ordinary tunnelling, the bars being sup- 
ported at their back end off the new brick arch and at their front 
end off one of the ribs of the leading half of the shield. When a 
12ft. length was completely excavated and timbered the rear half 
of the shield was detached and moved back to the last length, to 



eight days. The average progress was 15 lineal yards per month 
per shield, the best progress of any one shield being 18 lineal 
yards per month. 

The operations were carried on continuously, working night 
and day and on Sundays. There were three 8-hour shifts of 
miners in the 24 hours, and one shift of bricklayers, the number 
of men employed daily being 150. The reconstruction work 
proper inside the tunnel was commenced on the 27th January, 
1902, and was completed on the 25th December, 1903. Single- 
line working through the tunnel was brought into operation on 
the ist December, 1901, and double-line working was resumed 
on the 6th March, 1904. 

The work was carried out by the Caledonian R. Com- 
pany under the direction of Mr. Donald A. Matheson, M. Inst. 
C.E., assisted by the author, Mr. W. A. Kemp acting as resi- 
dent engineer. 



Features of Continental Goods Engines. 

(Continued from page 78. j 
The Southern R. of France has recently put into service 
an exceptionally fine class of goods engines, illustrated by 
fig. 5. They are the latest development of the well-known 
de Glehn four-cylinder compound system. The two high 
pressure cylinders, 15*35 ^"s by 26*37 ^^s., are underneath the 
smokebox and between the frames driving the second coupled 
axle; they are inclined at i in 8 from horizontal in order to 
clear the leading axle; the low pressure cylinders, 2y6j ins. 
by 26*37 >"s., drive on to the third coupled axle. The 
difference in the lengths of connecting rods is striking, the high 



Fig- 5- 



be used as a scaffold in connection with the removal of the timber 
centres. While the two portions of the shield were apart the 
opportunity was taken of building the side walls. Then the rear 
half of the shield was moved forward with the centres, which were 
erected in their new position, and another length of brick arch was 
built. 

Alarm bells connected with the signal-boxes outside were 
provided at seven different points in the tunnel, and there was 
also telephonic communication between the middle of the tunnel 
and the same signal-boxes. The drivers of engines were in- 
structed to prevent as far as possible the emission of smoke and 
steam when passing through the tunnel, and to sound their 
whistles. 

The time taken to complete a 12-foot length of originally 
tinlined tunnel was seven days. The corresponding time for a 
12-foot length of originally lined tunnel in soft ground was eleven 
days, and for a i a-foot length of originally lined tunnel in rock 



pressure rods being 6 ft. 2 ins. and the low pressure rods 9 ft. 
1006 ins. long between the centres, but as the engine is onh 
intended for low speeds, this is not a harmful feature. The 
high pressure valve gear is Stephenson's link, while that for 
the low pressure cylinders is Walschaert*s. Placed between 
and above the high pressure cylinders is the valve controlling 
the various combinations of workings, namely, full compound, 
semi-compound, and simple. With ample steaming capacity, 
this system of varying the working of the engine is commend- 
able, as it places in the hands of the driver a large reserve 
power, available when required; the valve Is actuated by a 
compressed air cylinder; a quarter turn suffices to convert the 
engines from a compound to a four-cylinder simple. 
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From the illustration, fig. 5, an idea can be formed of the 
boiler dimensions; the barrel is 4 ft. 11*56 ins. diam. by 14 ft. 
1*26 ins. long between the tube plates; it contains 148 Serve 
tubes; the firebox shell is 9 ft. 10 ins. by 3 ft. ii*8 ins. wide 
outside; the inside firebox is 3 ft. 3*38 ins. wide. The total 
heating surface is 2,757*35 ^q. ft.; the working pressure 213 
lbs. per sq inch. For such a large engine the wheelbase, 
23 ft. 1*56 ins., of which 16 ft 0*9 ins. is rigid, is rather short; 



engine is in full gear, at the same time allowing a free pass- 
age of the exhaust steam to the blast pipe. The cylinders are 
21*26 ins. and 31*5 ins. by 26*77 ins.; centre to centre 
of the cylinders. is 6 ft. 8* 08 in., and owing to the large dimen- 
sions of the cylinders the frames have to be inset at this point 
to 3 ft. 2*9 ins. between, as against 4 ft. 02 ins. elsewhere; 
the high pressure valve is of the piston type, while a balanced 
slide valve is used for low pressure; Walschaert's gear is 



the frames, 118 ins. thick, are 4 ft. 1*21 ins. apart, and are 
stayed very rigidly. The weight in working order is 70 tons 
9 cwts.; the adhesive weight of 63 tons 11 cwts. is very 
equally distributed, leaving 6 tons 18 cwts. at the truck wheels. 
Another very powerful engine, the 4-8-0 type, illustrated 
by fig. 6, was built by Ansaldo and Co. for the Mediterranean 
R. of Italy. It is a two-cylinder compound with a receiver 
between the cylinders and a special automatic valve to permit 
boiler steam to pass to the low pressure cylinder, when the 



Fig. 7. — Boiler for Engine illustrated by Fig. 6. 

fitted; both cylinders are fitted with relief valves on each cover 
and also with anti-vacuum valves. 

The bogie is of the swing link type with a spherical centier 
any rolling that might set up being controlled by vertical 
springs. Each axlebox has an independent, plate spring; the 
bogie wheels are 2 ft. 9*07 ins. diam., with a wheelbase of 
6 ft. 6*75 ins. The total wheelbase of the engine is 26 ft. 
1*39 ins., the coupled wheelbase being 14 ft. 11*5 ins. 

In the boiler design lie the chief points of interest. ThcT 
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firebox is of radial stayed or modified Wootten type, without 
a combustion chamber in the barrel, this being formed by 
building: up a brick arch at some distance from the tube plate. 
This is the first instance of this type of boiler in Continental 
practice, althougfh the wide fireboxes on the Belgian State 
engines are more or less in this form. The barrel is built in 
two rings, of which the one next the firebox is conical, the 
diameters being 5 ft. 6 ins. and 5 ft. 6*5 ins.; there are 280 
tubes, 1*96 ins. diam., 12 ft. 9 ins. long between the tube 
plates; the firebox shell is 8 ft. 2*24 ins. long, 6 ft. 8*47 ins. 
wide, and 4ft. 37 ins. deep at the front and 4 ft. 1*9 ins. at 
the back; the grate area is 47"36 sq. ft., the heating surface 
of the firebox is 147*4 sq. ft., and of tubes 1,586*65 sq. ft.; 
the working pressure is 199 lbs. per sq. inch. The weight is 
'72 tons 6 cwts. 3 qrs., of which 54 tons 16 cwts. 3 qrs. are 
adhesive. 

Engines of the o-io-o type are not common on any railway, 
particularly in Europe, although there are some of them in 
the Caucasus and on the Austrian State R. The 
former, not being European built, are not described 
in this article, which only deals with engines of this 
origin. The latter are very large engines; all the 
wheels are coupled, and as the service they are built for is 
heavy mineral traffic the wheels are not large, viz., 4 ft. 3 ins. 
diam.; the wheelbase is 19 ft. 25 ins., the third and fifth 
axles being allowed an inch side play. The two cylinders, 
which are compounded on the Golsdorf system and drive on to 
the fourth axle, are 2205 ins. and 3346 ins diam. by 24*88 ins. 
The boiler pressure is 199 lbs. per sq. inch; the heating surface 
2,285 sq. ft.; the grate area is 32.28 sq. ft., which is needed 
to burn the very low quality fuel. In working order the weight 
is 64 tons 13 cwts. 

The table gives at a glance the principal dimensions of 
the various engines above mentioned. 



Electrically Operated Carriages; Metropolitan 
Railway. 

All the new rolling stock designed in connection with 
the electrification of the Metropolitan R. has been built at 
one or other of the works of the Metropolitan Amalgamated 
Railway Carriage and Wagon Co., Ltd., of Saltley, Bir- 
mingham, and we are indebted to Mr. A. Ingram, the carriage 
and wagon superintendent of the railway company, for the 
drawings and photographs from which our illustrations have 
been made and also for showing us the carriages and supply- 
ing us with the particulars embodied in the following 
description of their most interesting features. 

These carriages, which were all built under the immediate 
supervision of Mr. Ingram, are a very fine job, and it is a 
matter of satisfaction to know that they were all ** made in 
England.'' 

So far as the construction of the bodies and the under- 
frames is concerned the two types of carriages (viz., motor 
and trailer carriages) do not differ very materially from eac'i 
other. 

The motor carriages are third class, and the trailer car- 
riages first and third class. 

The arrangement of the seats is that usually adopted for 
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Electrically Operated Carriages, Metropolitan Railway. — Motor Car. 






I I Jo''"^ I 







■^ 






■ f 


1 






A^-- 1 


1 


^^-<:r^ 




1 










^ 






1 


... 






1 




¥=\ 










1 


---- 


1 








I 






1 




1 










^ 




J 




Electrically Operated Carriages, Metropolitan Railway.— Body Framing of Trailer Car. 



carriages of electric railways, that is, cross seats in the centre 
and longitudinal seats at ends. The advantages of this 
arrangement are that the trap-doors in the floor for examining 
the electric gear are more conveniently got at, and there is 
larger standing room for passengers. 

The motor carriages seat 49 passengers, and the trailer 
carriages 56 passengers. 

The principal dimensions of all the carriages are : — 
Length over headstock ... ... ... 50 ft. 10 ins. 



35 ft. 

7 M 



o 
o 



ins. 



8 



Centre to centre of bogies ... 

Wheel base of bogies 

Width of waist (with 2 ins. turn-under at 

each side) 

Height at sides to top of cant-rail from top 

of solebars ... ... 

Height from rail 

Height from rail to top of monitor roof ... 

The construction of the body framing is shown on the t 
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Electrically Operated Carriages, Metropolitan Railway.— Trailer Car. 





Section of Side of Trailer Car. 
Electrically Operated Carriages, Metropolitan Railway, 



End View & Cross Section of Motor & Trailer Cars, Metropolitan Railway. 

drawings. The side pillars stand on the steel floor and are 
secured to the flange of the solebar by means of pressed steel 
brackets and the waist panel is fastened to them with counter- 
sunk screws. The junction between the side pillars and the 
cant-rail is also made with pressed steel brackets. 

The floor consists of steel plates, | in. thick, covered with 
George Powell's Patent Paris Cement, I in. thick, and carpets 
treated to render same non-flammable. 

The outside panel below the light rail consists of sheet 
steel ^V in. thick, turned under the edge of the floor plate, 
and rivetted to an angle which is bolted to the solebar. The 
panel is grained teak, and gives a particularly light and 
neat finish to the sides of the carriages. 

The entrance doors are of the double sliding type, with 
glazed upper panels of neat design embodying the Company's 
monogram. They are hung from the top on Crittall's patent 
ball runner, and move with little noise. The doorways are 
3 ft. 5 ins. wide, and the doors when open give 3 ft. clearance, 
which renders side doors unnecessary. The doors meet in 
the middle with a V joint, which excludes the draught, and 
prevents them rattling. 

All woodwork used is of well-seasoned Burmah teak of 
the best quality. 

A continuous stepboard constructed of pressed steel is 
fixed on each side of the carriage at a height which allows 
of it overlapping the station platform, thus preventing acci- 
dents by passengers stepping between platform and carriage. 
The entrance platforms are vestibuled upon quite a novel 
plan. The iron gates with which tube-railway carriages 
have been fitted have been abolished. They have disadvan- 
tages in our climate when carriages work ** in the open," 
and their opening inwards is a drawback when the platform is 
crowded with passengers. 

It will be seen from our drawings that the entrance plat- 
from is enclosed and fitted with Wheeler's patent sliding 
doors> of which we give a detail drawing. These doors are 
hung from the top on Crittall's ball bearing apd^e \vprked 
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by sprocket wheels and chains. The trainman stands in the 
ganj^way between the carriages and pulls down the handles 
and the doors of the adjacent carriages roll back into recesses 
in the sides. 

The gangways are provided with glazed doors which fold 
back neatly out of the way when the gangway is open. By 
these arrangements the platforms may at all times be occu- 
pied by passengers with safety and comfort, whereas the open 
platform in a tube or ** in the open '* is, from our experiences, 
anything but a pleasant place to travel on. 

The underframes are constructed of Siemens-Martin steel 
channels and angles and the bogies of pressed steel plates. 
Drawings of these will be given in our next issue. 

The electrical equipment is supplied by the British 
Westinghouse Electric and Manufacturing Company. 

Each motor carriage is fitted with four motors, which are 
spring suspended, and entirely independent of the carriage 
springs; the weight being carried on the solebars having no 
connection with the truck. Each motor has a normal rating 



Morgan's Patent Pressed Steel Seat. 
Electrically Operated Carriages, Metropolitan Railway. 

of 150 h.p., and is operated by means of the Westinghouse 
system of electro-pneumatic control. The equipment of two 
of these carriages is capable of operating a six-coach train 
weighing 150 tons. The controllers are actuated by com- 
pressed air, which in turn is governed by a series of electro- 
magnets, current for which is supplied from accumulators 
carried in the luggage compartment of motor carriages. 
There are no high tension cables carried underneath any 
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of the trailer carriagres; but low voltagfe controller connections 
(which run the whole len^Tth of train) are carefully laid in 
asbestos casing:, and firmly fixed to steel floor, thus obviating: 
all dangler of fire. 

The interior finish of the carriag:es leaves nothing to be 
desired. The ceilings are of asbestos, relieved by artistic 
mouldings. The inside panels are of wainscot oak or (in the 
first class carriages) walnut and light oak. 

The seat supports and ends are of an entirely new type, 
each consisting of one piece of highly finished pressed oxidised 
steel, embossed with the Company's registered design on the 
ends, the legs being of Elizabethan form. These seats are 
Morgan's Patent Pressed Steel Seats, and our illustration of 
one of them gives a good idea of their handsome appearance. 

The seats and backs (supplied by the '* Hammock '' Spring 
Seats Company) are of flat steel. 

The first class non-smokers are upholstered in art 
coloured moquette, and the smokers in green buffalo leather. 
The third class carriages are also upholstered in buffalo 

leather. 

All upholstery has undergone special treatment to render 

it non-fiammable. 

All the carriages are fitted with W. S. Laycock's spring 
roller blinds and electric heaters. 

The side lights of the monitor roof are glazed in muffled 
glass, and are all hinged at one end, and fitted with a toggle 
joint attached to brass sliding bars half the length of the 
carriage, .so that half of the windows on either side may be 
open to suit the direction in which the vehicle is travelling. 
The operating levers are at the ends of the carriage. 

Each carriage is lighted with thirty 32 c.p. incandescent 
lamps hung from handsome bronzed fittings. 

An emergency oil lamp is fitted at each end of carriage, 
and is so arranged as to illuminate interior of carriage and 
platform. 

It will be. seen that great care has been taken to minimise 
the risk of fire, even the window blinds being of non-flam- 
mable material. 

Recent Patents relating to Railways. 
These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C, 
from whom copies of the specifications can be obtained at an 
uniform price of Sd. each. 

Brake (Wagon). 470, yth January, jgo4, T. Greaves, 




24^ Hood Stjttare, Winlatoii, and T, Rippeth^ Strathmore Road, 

Rowlands GiU^ Durham, 

This invention relates to means for adjusting brake mechanism 



to compensate for the wear of the brake blocks. A box C, 
provided with a toothed flange R, is mounted loosely on the brake 
shaft and connected to the hand lever D. Loose and fast clutch 
rings F, G are also mounted on the brake shaft adjacent to the box, 
each being provided with a lug or tooth T, U engaging with each 
other in such a manner that the loose ring can turn a certain 
distance relatively to the fast ring. When the brake lever D is 
depressed the lug T on the loose clutch ring F bears against the 
lug U of the fast ring G, and is kept in this normal position by a 
spiral spring X on the periphery, which connects the two lugs 
together. An auxiliary shaft H extending across the wagon^ and 
having a hand lever J on each end, is connected with a short shaft 
N provided at each end with a cam O adapted to throw the box 
and lever D out of gear with the loose clutch ring. With this 
invention a man can actuate the brakes from either side of the 
wagon. With the exception of the addition of the invention to 
the main weigh shaft A the brake mechanism may be arranged as 
at present. When the brake blocks wear and the range of the 
hand levers is insufficient to put on the brakes the mechanism 
is adjusted to compensate for such wear in the following manner. 
The brake hand lever D is lifted, thus separating the faces of the 
lugs T and U on the fast and loose clutch rings F and G and at 
the same time extending the spring X connecting the two lugs 
together. A side or outward pull on the box C by lifting lever J 
compresses the spring W therein, releases the box from the loose 
clutch ring F, and the spring X at once brings the lugs of the two 
clutch rings together again. The brake lever D is now free, and 
must be lifted until the teeth of the box C have moved round a 
distance equal to the pitch. If the box C be now released the 
teeth will re-engage with the teeth of the loose clutch F owing to 
the pressure of the spring W, the pitch of the teeth being such 
that the lever D must be lifted from the bottom nearly to the top 
of the sector before the parts C and F will re-engage. The lever 
D thus assumes a new position in which the brake may be applied. 
{Accepted ^th January y 1905^ 

Dust Screen for Windows. 3,377^ 4th March, igo4. 
IV. McLaren, Moorgate Works, Moorfields, London, 
The screen consists of a piece of cheese cloth, muslin or other 
suitable fabric of approximately the size of the window opening, 
the opposite sides of which are attached to laths, preferably of 
wood. These laths are placed in the window rims or recesses of 
the framing on either side of the window opening, and are held 
in position there by a transverse lath of wood or metal which is 




sprung in between them, the transverse lath being advantageously 
hinged at one extremity to one of the side laths. To accommodate 
the screen to the varying widths of window openings, the fabric 
may be rolled round the lateral lath to which the hinged trans- 
verse lath is not attached ; and for carrying about, when not in 
use, the screen may be completely rolled up. To facilitate the 
folding the transverse lath can be jointed so that it can lie 
completely within the length of the side laths. (Accepted, 3th 
January, 1903,) 

Axle Boxes* 7<,2g7, 26th Marchy 1904. W. S. Laycock, 
Victoria IVorks, Mi//houses, Sheffield. 

This invention has reference to axle boxes adapted to contain oil 
for lubrication, and packing material for conveying the oil to the 
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journal, its object being to provide a separate and easily remov- 
able receptacle — 17, 18, 19, 20 — for the packing, which is 
attached to a movable oil well 5, arranged to form the bottom of 
the axle box. Flanges 14 are formed on the oil well, which 
prevent the oil from splashing or running out of the box, and 
also facilitate the return of any excess of oil from the packing box. 
The packing box has flanges 15, which rest upon the flanges 14 
of the oil well, and bridge pieces 16 forming a support for the 
packing or lubricating pad which dips into the oil well. The box 
is secured in position in front by means of the projection 21, 
which engages a spring tongue 2 2, whilst at its sides the box is 
secured by the projections 23, which engage L shaped slots 24 
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formed, in the extensions 25, upon the flanges 15. The box is 
removed by raising the tongue until clear of the projection 21, 
when the box is pulled forwards to enable the projection 23 to be 
freed from the engaging slots 24. In practice, assuming it is 
desired to remove the well, the cover 3 is first removed, then the 
nuts 10 are removed, the bolts 9 withdrawn, when the front of 
the well is lowered a slight foward movement entirely frees it 
from the axle box. The disposition of the horn guides or 
bearings to and the arrangement of the oil well is such that the 
removal or replacement of the oil well is readily aflected without 
the removal of axle guard bridle, and, further, the maximum 
length of horn bearing is obtained without the necessity of form- 
ing a continuation of the guard upon the oil well. {Accepted 26th 
January y 1903.) 

Buffers. 7,750. 2nd April, 1904. G. T. Heald, 181, 
Cathedra/ Road ; IV. IVentworth, z, Morlais Street, Roath Park, 
Cardiff; and D. W. Rees, ''The Aucklands,'' Dotuaster. 
The plunger a has a comparatively small head a^ arranged to 
bear against an outer back plate ^, which has a slot c of such shape 
that the head a^ on the rear end of the plunger a can be passed 
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through the slot r, and the plunger a then slid laterally or sideways 
in the slot c, thus bringing the head a^ behind a narrowed part of 
the slot, through which it cannot pass. In front of the outer back 
plate fi is an inner back plate d, which is slotted at e in agreement 
with the slot c in the outer back plate ^. The inner back plate d 
has formed on it a snug ^, which projects back from the rear face 
of the plate. The plate d is placed on the plunger a before the 
plate /^ and after the latter has been put on the plunger a is moved 
laterally into final position. The plate d is then moved into such 
position that the snug d^ can be passed backwards into the slot c 



in the outer back plate k The plates /^ and d become thus inter- 
locked, and they are maintained so by the plunger a. With this 
construction the recess or cavity / in the headstock h is not so 
IsLTge in diameter as that needed to accommodate the nut hitherto 
employed to hold the plunger in place. (Accepted January 26th^ 

Carriage Door Fastenings. 14,880. 2nd July, 1904. 
Z. H. Mackay, 11, Western Hill, Durham, 
To the door or other part to be latched or fastened is secured a 
casing 15 within which slides a rod or bar 2, 3, 4, 5, so shaped 
towards one end that the inner portion 5 may project beyond 
the inner line of the door and at its extremity carry a button or 
plate 16. The protruding end 5 of the rod between the button 
16 and the face of the door is encircled by a spiral spring 6. 
The parts are enclosed by the hollow handle 17. The end 2 of 
the actuating rod which protrudes from the casing 15 and the 
outside of the door has mounted on it a tee or other suitable 
handle i. On the rod somewhat towards its spring controlled 
end 5 is centred one arm 7 of a bell cranked lever mounted at 
the bend or intersection of the arms on a fixed centre or stud 8 
carried by the casing 15, whilst by its other arm 9 this bell 
cranked arm is adapted for latching purposes to engage a 
bevelled nose piece, or latch-bolt 10 mounted on a stem it cap- 
able of sliding in a bearing formed in the wall of a casing 14 
screwed to the jamb of the doorway, and adapted to 
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receive the nose piece 10 and stem 11 and a spiral encircling 
spring 13. A cross pin 12 through the inner end of nose 
piece stem 11 serves to keep the parts in place. 
Normally the actuating handle i and stem 2 or rod are drawn 
inwards by their spring 6, and the bell crank lever 7 — 9, is swung 
on its centre 8, so that the one arm 7 is drawn back and the other 
arm 9 is moved so as to bring it into locking engagement by its 
abutting against whilst lying within the nose piece 10 projecting 
from the jamb. The nose piece 10 is normally kept protruding 
by the resilience of its controlling spring 13 being caused to 
recede within its casing as the door closes. To open the door 
when closed and locked a pull is exerted upon the handle i on 
the end of the actuating rod 2 — 5, which then comes forward 
against the pressure of the coiled spring 6, and by reason of its 
connection at 8 to the bell crank lever arm 7, the other arm 9 is 
rocked clear of the nose-piece and door is free to open ; except 
when the rotatory stop-piece 19 is rocked on its centre 20 into 
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engagement with the slot i8, by a railway or other like key one 
end of which is shown at 26. (Accepted 26th January^ ^90S-) 

Inter-Communication on Trains, 5,j<x5. jrd Afanh^ 
ig04. E. M. Preston^ of the firm of J, Stone and Co , Deptford^ 
Kent^ and A, R Rocky Denhoime Villa^ Queen's Road^ Stoke- 
uponTrenty Stafford, 

This invention relates to improvements in apparatus for affording 
communication between passengers and guards, and for applying 
the brakes on trains. The communication cord is connected up 
to operate the vacuum or other brake, and is also adapted to turn 
a disc (a) or other visible signal at the end of each coach or there 
may be a separate signal for each compartment. The disc is 
suitably mounted on a rod or shaft {b) or 1 3, which also carries a 
switch (</), which latter on being operated sends a current through 
a wire {/) to one or both of the guards vans and rings a bell (g) 
arranged therein. There may also be a bell or other signal 
adapted to attract the attention of the engine-driver if desired. 
If Stone's system of lightning be used, then the negative \vire of 



put the brake on. A T shaped lever (d) is pivotted on the side 
of the vehicle with a loop handle at one end and a friction roller 
and pin at the other. On pressing down the handle the roller 
end of the lever is raised and moves the side lever in an upward 
direction, putting the brakes on and the balanced pawl engaging 
in the rack holds them in position. At the end of the balanced 
pawl a tail piece is formed projecting so as to stand underneath 
the friction roller on the T lever {d) so that when the handle of the 
lever is lifted the roller comes in contact with the tail piece of 
the pawl so disengaging it from the rack and taking the brakes 
off. An L shaped lever is pivotted on the opposite side of the 
vehicle and connected to the third arm of the T lever by rods 
and bell cranks or traverse shaft so that the brakes may be operated 
from either side. {Accepted rgth January, igos>) 

Couplings (Automatic), 3,277, loth February, 1904, 
/. Darling. 8, Jedburgh Avenue, Rutherglen, Lanark; and 
J. M. Lennie, 63, Minard Road, Crossmyioof, Glasgow. 
A slide A is connected to the ordinary drawbar B, the outer end 
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the circuit for simultaneously controlling or switching on or off 
sets of electric lamps may be employed in such manner that, 
immediately the shaft of the signal is turned, a current passes 
through the negative wire and rings the bell till the disc has been 
put into position again by the guard of the train. {Accepted 
J th January, igoS-) 

Brakes (Wagon). 6,364, i8th March, 1904, E, Liley, 
J, Uanishen Street, Cardiff; and M, F, Jones, 2g, Llanthtwy 
Road, Newport, 





According to this invention the side lever (a) has a pawl (b) 
pivotted at its end engaging with a curved rack {c) fixed to the 
side of the vehicle, the pawl being balanced to keep it in gear 
with the rack when the lever is moved in an upward direction to 
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of the slide A terminating in a forked or bifurcated head C, 
having pivoted therein a hook E. On the outer ends of the pivot 
D of the hook £ a coupling shackle F is mounted, and adapted 
to engage with the hook of an adjacent vehicle. When two 
waggons are brought together the coupling link F, which is on 
the highest level, comes in contact with the hook £, and raises it 
until it becomes engaged with it and the hook drops down by 
graivity when the coupling is effected The hook is raised out of 
engagement with the link by a sliding rod G, which is thrust 
forward against the action of a spring by a pawl and ratchet 
device actuated from either side of the vehicle. {Accepted 12th 
January, igoj,) 

Vacuum Brakes. j,pj<P. 17th February, 1^04. G, J, 
Churchward, Neivburn, F, W, SnelL 87, Clifton Street, F, H, 
Rayer, 16, Gordon Road, and C, K, Dumas, 33, Bath Road, all 
of Swindon, Wilts, 

This invention has reference to improvements in automatic 
brakes, and has for its object limiting the application of the 
brake to moderate power when required, by automatically 
limiting the rapidity of the entrance of atmospheric air into 
the train pipe on the opening of the driver's valve, within the 
limits for ordinary application, and also to enable the brake to be 
applied with extreme rapidity and power by allowing the atmos- 
pheric air to enter the train pipe with full rapidity, on a further 
movement of the driver's, valve or on the opening of a separate 
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valve, whereby the usual accelerating valves are opened to admit 
air at or near each brake cylinder. A suitable arrangement for 
carrying out this invention is to arrange on the pipe leading from 
the driver's valve an automatic valve the arrangement of this valve 
being such that in its normal or working position the valve is 
open, and allows air to pass through it from or to the train pipe. 
On the driver's valve being opened to admit atmospheric air to 
apply the brake with moderate power, by destroying, or partially 
so, the vacuum in the train pipe, the air will pass through the 
automatic valve until the rapidity increases beyond that to which 
the valve is set, when the valve will close, or partially so, and 
remain in that position until the balance of pressure is upset, or 
the air becomes rarefied in the brake pipe, when the valve will 
open again automatically, and the atmospheric air admitted though 
the driver's valve will again pass to the brake pipe. To apply 
the brake with extreme rapidity and power, atmospheric air may 
be admitted to the brake pipe, through the automatic valve, with 
full rapidity, so as to operate the usual accelerating or sensitive 
quick acting valves for admitting the atmospheric air direct into 
the brake pipe, at or near the brake cylinders, the valve being 
kept in its open position by suitable means. A suitable cons- 




truction of automatic valve comprises a valve casing a connected 
at b and c to the driver's valve and brake pipe respectively. 
The lower end of the casing has a cover e attached, having an 
internal recess e^^ the upper end of the casing is enlarged, and has 
also a recess/ formed in it by means of a division piece /^ 
between it and the barrel portion a of the casing, this division 
piece /^ having a hole/- through it ; this end of the casing has 
also a cover g attached, having an internal recess / ; each of the 
covers are jointed to the ends of the casing, the outer edges of the 
diaphragms // and h\ being placed between the flanges of the 
casing and the covers, thereby making a joint, so forming a 
chamber in each cover. The upper cover and diaphragm is of 
larger diameter than the lower one. Between the ends of the 
casing an annular projection is arranged, forming a valve seat, A 
connection k is also made in the upper part of the casing, above 
this valve seat, to the chamber in the lower cover. The two 
diaphragms are connected by a spindle /, this spindle passing 
through the hole/^ in the division piece of the upper part of the 
casing. At a suitable place on the spindle is secured a valve ;;/, 
which has for its seat, the annular projection j formed between 
the two ends of the casing. The upper portion of the spindle / 
is connected to the upper diaphragm // and has a small aperture 
/^ through it^ to allow air to be exhausted from the large chamber 
/, and also to admit air to this chamber. The lower or smaller 
diaphragm is of larger diameter than the valve m on the spindle, 
so as to act as a balance. A connection n may be made between 
the upper chamber i above the large diaphragm and an aperture in 
the driver's valve so that when the driver's valve is moved over, or 



opened, for the application of the brake with extreme rapidity 
and power, atmospheric air is admitted direct to the aforesaid 
upper chamber to destroy the vacuum therein, and forces down 
tiie diaphragm and its spindle moving the valve off its seat and 
allowing the full volume of atmospheric air to pass with full 
rapidity through the automatic valve for upsetting the equilibrium 
of the usual accelerating or quick acting valves so as to admit 
atmospheric air to the brake cylinders. Other forms of auto- 
matic valves are described in the specification. {Accepted 26th 
January y rgoj.) 

SPECIFICATIONS PUBLISHED. 

A.D. 1904. 

470. Wagon brakes ; Greaves and Kippeth. 818. Electric railway 
systems; British Thomson-Houston Co., Ltd., Sporborg, Carter and Cubitt. 
1796. Signalling apparatus ; Hidey. 1803. Carriage door lock ; Castle, 
Grant and Castle, i860. Conductors of electric railways or tramways; 
Boardman. 2286. VentilatiDg railway vehicles ; Taylor. 2288, Electric 
signalling apparatus for tramways and railways ; Wilson and Marshall. ^ 2435. 
Structural intersections and crossings of tramways and railways; Kitchen. 
3277. Coupling (automatic) ; Darling and Lennie. 3854. Ventikuing rail- 
way carriages ; Rowland. 3958. Automatic vacuum brakes ; Churchward, 
Snell, Rayer and Dumas. 5019. Railway block signalling systems ; Morton 
and Carson. 5306. Apparatus for communicating with |;uard5 and applying 
brakes on trains ; Preston and Rock. 5322. Fastening carriage doors ; 
Knowles. 5331. Opening and closing carriage windows ; Altrichtcr. 5377. 
Dust screens for carriage windows; McLaren. 6367. VendUt- 
ing vehicles, &c. ; Rushton and Store. 6564. Brakes (wagon) ; Lilcy 
and Jones. 6737. Couplings (automatic) ; Orosz and Garai. 69^3. Appar- 
atus for signalling, applicable to controlling engines and trains | Freeman. 
7297. Axle boxes ; Laycock. 7306. Operating wagon couplings ; 
Woodward. 7750. Buffers; Heald, Wentworth and Rees. 9412. 
Automatic fog signalling apparatus ; Johnson. 1488a Fastenin(:s 
for carriage doors; MacKay. 14933. Safety devices for electric 
railways; Curwen. 15478. Spittoon for railway carriages; Harvey. 
16266. Locking carriage doors; Parriss and Faries. 19875. Automatic 
block signalling system ; Richardson. 20161. Sole plates and anchors for 
tramway rails ; Walker and Grant. 23375. Propulsion of locomotives and 
vehicles ; Granlund. 23724. Signalling and safety systems and apparatus ; 
Schreiber. 24216. Simultaneously locking carriage doors in trains; Cnallenor 
and Pilling. 25576. Nut lock ; Wegener. 25628. Rail joints and lie hais; 
Vosler. 25871. Switches; Fitzgerald. 26466. Rail joint; Walkins. 
26489. Axle boxes for wagons; 0*Donnell (Ferguson). 26885. ^*^ 
fasteners ; Tibbets. 27200. Signal or other lamps ; Welch. 28480. Secur- 
ing freight upon trucks ; Lewis. 28836. Means for automatically operating 
the whistles of locomotives ; Fisher. 29040. Pressure regulating devices for 
air brakes ; Turner and Custer. 

Four-cylinder Compound Lignite-burning Express 
Locomotives in Bohemia; Austrian State Railways. 

By Charles R. Kino. 
In the last issue of the Railway Engineer some of the draw 
ings of these interesting engines were published, and they will, 
together with those which accompany this description, render the 
construction of the engines quite clear. 

These engines are used for working the express services 
between Gmiind and Prague, the capiul of Bohemia. The fuel 
used is a Bohemian lignite of the poorest quality, but with this 
fuel they are, as is subsequently shown, effecting notable 
economies. This ability to use poor fuel with advantage appears 
to be due to the adoption of an especially large fire-box 
with an exceptionally large grate upon the same principles 
as those followed some years ago by Wooten in America and 
by Belpaire in Belgium, and both of whose fire-boxes were de- 
signed for burning inferior grades of coal slack. 

The engine illustrated is the first of the great four-cylinder 
compound locomotives which have been built on the Continent 
since 1902, and it marks the most notable and recent progress in 
locomotive design made there. The newest engines in Austria, 
Baden, Bavaria and Hungary are all very fine types of express 
engines with four cylinders compounded according to the most 
approved system for such locomotives ; that is, with the whole 
group of cylinders bolted together in the same plane below the 
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front end of the boiler and with all their connecting rods working 
on to the same axle— and not divided into two groups. This 
arrangement, which is the indicated system of the future, has been 
proved in practice to be the simplest and best for construction, for 
maintenance, and for attendance when on duty. Continental 
engineers now admit the necessity of at least four cylinders for the 
power now required in express engines for drawing heavy trains, 
and there are but few, outside France, who do not intend to employ 
the arrangement just noted. In Germany and in Italy it is the 
most approved practice. 

In passing it may be timely to state, since some confusion 
exists on the point, that the two commonest arrangements 
of the two groups of cylinders of different expansions are due 
one to Mr. Webb and the other to Mons. E. Sauvage. The 
first, as it is known, consists of connecting the high-pressure and 
low-pressure cylinders to different axles, so dividing the engines 
into two groups — whether coupled or not coupled the principle is 
the same — while the latter arrangement, which promises to be the 
final one, simply consists of driving only one axle from all the 
cylinders. The engine of M. Sauvage (formerly of the Northern 
R. of France) was exhibited in Paris in 1889. Mr. Webb*s 
engines were sent to France and to the United States, but it was 
only in France that his arrangement, slightly developed, attained 
any great success, and that just when he had, like others, adopted 
the Sauvage arrangement (also developed) for his later compounds. 
The Bohemian locomotive illustrated is interesting in its 
general design (equally also as the other great Continental engines 
mentioned) for the enormous increase in the size of the boiler, 
and that, too, without exceeding the limit of axle loads which had 
already been attained by the much smaller locomotives of 190 1. 
The very small loads of 14 to 16 tons per axle permitted for 
Continental locomotives are a source of constant perplexity to 
Continental engineers, and without which restriction their loco- 
motives would have been, before now, much augmented in size. 
With such limiutions of weight the only way to increase the 
power of the engines was to cut out all useless dead weight from 
them and their under carriages. By close calculations and subse- 
quent trials the proportions of the parts indicated have been fined 
down to an extent so far unknown in English or American loco- 
motives. A glance at the wheels, tyres, and especially the moving 
parts of the latter engines, as compared with the Continental 
examples, suffices to prove this. None the less it is quite possible 
that when English engines ultimately increase in size equal to 
those of the Continent it may be desirable, in order to keep down 
the weight, to follow to some extent Continental and not American 
practice in the proportions for the motion work. 

The service for which the engines under notice were built is a 
fast one, comprising trains of up to 300 tons, while the fijradients, 
up to I in 100, are long and frequent. The division upon which 
they are at work between Gmiind and Praja is about 200 kiioms* 
in length, and includes about 70 kilotns. of grades at i and I'l 
per cent There arc eight engines at present on the division 
named and nine on the Pilsen division. The same type has now 
also been adopted as standard for the Southern Railways of 
Austria (Sudbahn) on the Vienna-Gloggnitz division, which has a 
continuous gradient of 25 kiioms, long, between Viemia-Neustadt 
and Gloggnitz, of 0*67 to 077 per cent. In Austria the maximum 
* I ki/om, =06 2 1 mik. 



speed allowed is 90 kiloms. (55-9 w.) per hour, and the rules 
regulating the speeds under various conditions of service are very 
strict ; and as a consequence these locomotives never have an 
opportunity of exerting their full speed capacity, as is permissible 
with locomotives in England and America. The rails are of a 
light section, generally 34 klgfns, per metre, 9 metres long in old and 
1 2 metres long in new rails. The sleepers are spaced from 80 to 
90 centimetres apart. The load permitted per axle with such roads 
in Austria is (as in Italy) only 14^ tons. 

In a special trial of one of the new engines (when for official 
purposes an exceptional speed was permitted) it attained with a 
light load, on a rising gradient, a speed of 88*6 miles per hour 
within a few minutes of starting, and with the greatest ease. 
The tachograph record of this run shows a remarkably steep 
curve of acceleration. In regular service a power of 1,600 h.p. 
has been indicated while hauling a net load of 230 tons on an 
incline rising i in 100, and at a continuous speed of 47 miles per 
hour. The principal features of these engines, known as Series 
108, will now be mentioned. They were designed by the chief 
consulting engineer of the Austrian State Railways, Mr. Karl 
Golsdorf, and were constructed at the fine new shops of the 
PrvniceskO'Moravska Tovarna Nasiroje v Prase (in Praja)^ or 
*• First Bohemian Machine Works of Prague." 

The principal dimensions are : — 

Cylinders, 13! ins. and 233 ins. X 26 J ins. 

Coupled wheels, 7 ft. diam. 

Heating surface, 2,2693 sq. ft. in the tubes ; 1787 sq. ft. 

in fire box ; 2,248 sq. ft. total. 
Grate area, 38 sq. ft. 
Boiler pressure, 22oi lbs. per sq. inch. 
Weight on coupled wheels, 29 metric tons. 
Weight of engine, empty, 60*5 metric tons ; maximum in 

working order, 68*3 metric tons. 
Tractive effort, by formulae T = 0*5 / d- /-^ D, = 17,190 lbs. 
In connection with this last item it may be interesting to 

note that the formulae 
r= (0-67 / d^ /^D)+(o-2S/>d' l^D\ 

which is used in America and elsewhere for four cylin- 

dered compound engines, would give a higher value for 

these engines than that given above. 

The two high-pressure cylinders are located inside and the two 
low-pressure cylinders outside the frames. The group is cast in 
two pieces with one high-pressure and one low-pressure cylinder 
b each half and bolted together at the middle, in the American 
way. 

There are four slide valves of ordinary pattern with Trick 
steam channels. The designer, like some other eminent Con- 
tinental engineers, maintains an objection to piston valves. The 
outside cylinder valves are driven direct by a Heusinger (Wals- 
chaerts') valve-gear and the smaller inside vaives, indirectly, 
through rocking arms and a shaft, so that there is only one set of 
valve gears instead of the two sets as usual in the present French 
arrangement. The ratio of cylinder volumes, H.P. to L.P., being 
as much as 1-3, the designer considered that the present custom of 
giving the low-pressure valves a later cut-off was as superfluous as 
four valve gears. 

The disposition here mentioned, but with a piston-valve for 
each cylinder, is now becoming the standard arrangement on the 
Continent. 

The cranked^axle is of the modern pattern, having an oblique 
arm of rectangular section connecting the single craiik cheeks 

Digitized by VrjOOyiv! ^ 



ii8 



The Railway Engineer. 



April, 1905. 




near each crank pin. The engine axles are of 3% nickel Martin's 
steely having an ultimate tensile strength of 55 to 65 k/gms, per 
square millimeter, 20 to 15% elongation, and 40% cross-sectional 
contraction. The tests of the specimen lengths of the material, 
both for bending and for impact, were particularly rigorous, and 
especially so for the 3% nickel steel. These crank axles cost, all 
finished, 2 kronen 80 heller per kilogramme.* 

The axles and wheels employed at the Praja works, as with 
all Austrian locomotive shops, are obtained from native steel 
works, and frequently from those of the Oesterreichen Alpine 
Montan Gesellschaft, of Neuberg-Zeltweg, and also from the 
great steel works of Witkowitz. 

The wheel centres are steel castings. They are very finely 
proportioned, the weight of each one being only 1,558 lbs. The 
whole of the wheel-work of the driving and the coupled wheels 
weighs 16,245 lbs , or Utile over 7 tons. 

The crank pins for the coupled wheels are hollow. The 
practice of boring out crank pins and connecting rod pins is 
extending on the Continent. 

Equalising-levers connect the dri\'ing-springs longitudinally 
with the transverse equaliser employed for the rear carrying- 
wheels. By means of this arrangement it will be possible to 

*Aboul IS. per lb. or /112 per ton. 



Four-Cylinder Compound Lignite-Burning Express 

increase the load on the drivers up to 16 tons per axle when in a 
few years time the strengthened Austrian tracks will permit of the 
increased weight. 

The carrying wheel axle boxes are radial with as much as 7 
cenfimeires play on either side but without the controlling springs 
that are so often employed. The horn blocks of this axle are, 
along with the frames, rigidly stayed together at this point byfotir 
bars I inch diam., two on each side of the axle. 

At the opposite end of the engine there is no play allowed, 
for the bogie is merely a swivelling truck without any trans- 
verse displacement for its pivot. In this manner the front end of 
the engine is more rigid than the back end and the arrangement 
should tend somewhat to reduce the sharp lateral shocks 
commonly feh upon the foot plate of "Atlantic" type loco- 
motives. 

The bogie pin fits in a spherical collar and not in a step- 
bearing, its work, therefore, being simply to push the truck without 
carrying the weight of the engine frame, which is, instead, 
supported entirely by two half spherical side rests under the 
cylinder casting and resting in grooved seatings upon the outer 
edges of the bogie frame. The front end of the engine is con- 
sequently less yielding vertically and transversally than it has been 
usual to make Continental locomotive 
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Locomotives in Bohemia ; Austrian State Railways. 

Brake blocks are fitted to the front truck wheels and operated 
by a vacuum cylinder. 

With the object of reducing weight the crosshead guide bars 
are made of steel castings of I section. The cost of these bars 
by reason of the difficulty of getting castings answering all the 
conditions required of them appear to come out more expensive 
than ordinary forged ones despite the fact that they have only one 
machined surfiace as against the four surfaces of the forged bar. 

Steel castings are also employed for the crossheads, pistons, 
and horn blocks. According to a very good plan followed in 
Austria and Italy for four-coupled engines the stress of the main 
connecting rods is taken by the crank-pin close up to its seat in 
the crank boss, while the coupling rod, which is usually placed 
to the inside, here fits outside of the main rod. The consequent 
advantages are lessened fatigue for the pin, lessened leverage on 
the driving wheel bosses, and steadier movement of the engine- 
while coupling-rods are more easily removed for brass renewals. 

In accordance with the usual Continental practice the piston 
and valve rod.s have tail-end extensions, which tend to prolong the 
wear of the piston rings, cylinders, and valve faces. 

The principal feature to note in the boiler construction is the 
use of gusset stays for the fire-box back plate in place of the more 



usual palm-stays, or, rather, the system of girder plates and 
diagonal rods. At present many locomotive boilers are being 
constructed in this way in Austria. Gusset plates are also used, 
as customary, for staying the circular front tube plate. 

The fire-box crown is stayed to the curved fire-box shell with 
direct stay-bolts, except in the two forward rows, which are slung 
stays supporting short one ended crown girders. 

The back of the fire-box is sloped in the American way, the 
advantage of this practice being to allow, with a given weight of 
material, a fire-box of larger effective heating surface and a longer 
grate, because the area above the fire-hole, whenever the back 
plate is vertical, is not subjected to the direct heat from the fire, 
owing to the powerful action of the blast. The inclination of the 
back plate has, however, constructional limits. 

The fire-hole is round and of very small size relatively for such 
a capacious box, although apparently all-sufficient in practice. 

The plates of the steel and copper boxes are flanged and 
riveted together according to the Webb plan now much employed 
in Central Europe. The fire door is fitted in its upper half with 
the " Mareck " pivoting deflector, which acts with great efficiency, 
owing to the air, introduced by it, sweeping the top of the fire and 
increasing the combustion. A feature of the device is that it 
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closes each time that the door is opened, but, by means of a latch 
or trigger fixed to the fire hole ring, is always re-opened automati- 
cally by closing the door, unless the trigger is first put out of gear, 
when it remains shut. 

(To be coniiuueJ,) 



Ofricial Reports on Recent Accidents. 

A/ Forden C.Rs. on the 26th November. Lt.-Coi. E, 
Drtiitt, R.E., reports thai.^ 

The 7.5 p.m. down passenger train (4-coupled bogie en- 
gine, tender,4 carriages, and a covered van fitted throughout 
with the vacuum automatic brake) from Welshpool to Llanid- 
loes ran into the engine and 6 waggons of an up goods train 
which were standing on the down line of the crossing loop at 
Forden Station. Five passengers, the fireman of the goods 
engine, and the station master were injured. 

Forden is a passing place and tablet station on a single 
line. 

R. Ashton, the signal porter at Forden, accepted the goods 
train from Montgomery (2 miles) at 6.55 p.m. and the pas- 
senger train from Welshpool (4I miles) at 7.3 p.m., the res- 
pective tablets being taken out at those times at the places 
mentioned. He received "Train entering section** signal 
for the goods train at 7.9 p.m. and for the passenger train at 
7.12 p.m. Both the home and both the distant signals were 
at danger. The goods train arrived and came to a stand at 
the home signal at 7.13 p.m. Mr. Corfield, the station- 
master, was in the signal-box with Ashton at 7.9 p.m., when 
the ** Entering section** signal for the goods train was re- 
ceived, and knew that a tablet for the down passenger train 
due at Forden at 7.15 p.m. had been issued at 7.3 p.m. 

But he met the goods train at the up home signal, and 
after the engine and the first six trucks had been unhooked 
ordered the driver to draw ahead on the down road for the 
purpose of unloading four horses in the sixth truck, llie 
driver states he drew Mr. Corfield *s attention to the fog, as, 
knowing the passenger train was due, he thought there would 
be some risk in the proceeding, but he was told to go ahead. 
The engine and six trucks accordingly were drawn forward on 
the wrong road, and came to a stand at the north end of the 
platform at about 7.15 p.m., and three minutes later, while 
the work of unloading the horses was proceeding, the pas- 
senger train arrived, and over-running the home signal, which 
was at danger, collided with the engine of the goods train, 
which was standing 120 yards inside that signal. 

The collision was thus due to Mr. Corfield *s action in 
breaking the rules for working single lines of railway on the 
electric train tablet system, and in driver Hughes* neglect 
to suflficiently reduce speed when he failed to observe the dis- 
tant signal so as to be able to stop at the home signal. No 
doubt, having received no warning at Welshpool that the 
road was blocked at Forden Station, he assumed that it was 
clear for him to run into the station as usual, and this he did 
at the usual speed, and so when he found the home signal at 
danger on passing it he was unable to pull up in time to pre- 
vent a collision. The evidence is conflicting as to the amount 
of fog at the time, but no doubt it was fairly thick, and so 
there was all the more necessity for careful driving. 

Both Hughes and his fireman were unable to say at what 
speed they were running when they found they could not see 
the distant signal and also when passing the home signal, 
although they both knew they were approaching Forden 
Station. Mr. Corfield 's action is difficult to understand. 
He states his reasons for bringing the horse truck to the down 
platform to unload were, that this platform being higher than 
the up platform (3 ft. against 2 ft. (> ins.) it is easier and 
safer to unload horses out of trucks at it, and that he was 
anxious not to delay the goods train, which was already late, 
and as he thought there was enough time to unload the horses 
before the arrival of the passenger train. 

Also he states that he had on several occasions told .Ash- 



ton to turn the down facing points so as to lie for the up loop 
line when shunting was going on on the down loop line and a 
down train approaching. Ashton denies this. 



Near London Bridge Station, L.B« & S.C.R., on tht 
1 8th November, Lt,'CoL P, G, von Domp, R.E,, reports that: — 

The 6.30 p.m. passenger train (2 engines and 14 vehicles) 
came into collision with a light S.E. and C. engine, which 
just touched the second engine and then fouled the five 
next vehicles of the (X30 train. The light engine and the car- 
riages were considerably damaged. About 20 passengers 
complained of slight personal injuries. 

The low level S.K.R. London Bridge Station immediately 
adjoins the Brighton Co.'s station. It has 4 platform lines. 
No. I being on the south-west side of the station and No. 4 
on the north-ea.st side. Kach of thpvSe pli.tform lines has con- 
nections leading to and from the up and down main lines, 
which run out of the station in a south-easterly direction, the 
down line being on the north side. 

The Croydon trains of the L.B. and S.C.R. Co. run for a 
short distance over these same main lines from a point just 
outside the London Bridge Stations, and these main lines are 
therefore known as the Joint Main lines. In order to give 
access to the Joint Main lines the platform lines of the 
Brighton Co, 's station have connections leading to a pair of 
up and down lines which have a double junction with the 
Joint Main lines about ibo yards to the south-east of the 
Brighton Co.*s station. 

The passenger train concerned in this collision was run- 
ning out of the Brighton Co.*s station on their down line 
through the double junction on to the down joint line; in so 
doing it had to cro.ss the up line into the South-Kastern Co. *s 
low level station. 

The light engine concerned in the collision was being 
backed in the down direction from the low level station along 
the S.E. up line, and the collision occurred at the fouling 
point between the Brighton down line and the up line. 

This fouling point is situated 60 yards to the south-ea.st of 
the S.E. **B** signal-box. 

The running of the Brighton train was controlled by three 
signal-boxes, viz. : — 

(1) The Brighton Co. 's north signal-box, situated on the 
south-west side of that Co.'s lines and about 20 yards to the 
south-east of their station. 

(2) The Brighton Co.'s south box, also situated on the 
south-west side of their lines and 120 yards to the south-east 
of the north box. 

(3) The S.E. Co. *s **B*' signal-box, fixed across their 
lines at a point about 300 yards to the south-east of the buffer 
stops at the north-west ends of their station platform lines. 

The signal for running from the Brighton down line 
through the double junction on to the down joint line is fixed 
on a gantry across the Brighton lines situated 30 yards to the 
south-east of their north signal-box. This signal is worked 
from the Brighton north box, but both the south box and the 
S.E. '*B" box have slots controlling it, so that it cannot be 
lowered without their concurrence. Owing also to the **lock 
and block*' arrangements which are in use on the Brighton 
line this signal cannot be lowered until the signalman in the 
north box has received **Line clear** from the south box, and 
that cannot be given until the signalman in (he south box has 
similarly received '^Line clear" from the *'B'* box. 

The signal therefore for a train to run from the Brighton 
Co.'s station to the down joint line cannot be lowered until 
the signalmen in both the south box and the **B*' box have 
each of them given **Line clear" for the train and have also 
each pulled over their levers working the slots on that signal. 

The movements of the S.E. light engine were con- 
trolled entirely from the "B" signal-box. 

There is on the up line running into the low level station 
a facing point situated 70 yards to the north-west of the 
**B** signal-lx»x. The left-hand connection leads to Xo. i 
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platform line, and the right-hand one to No. 4 platform line. 
The light engine was standing on No. 1 platform line and it 
had to run from that line on to No. 4 platform line; it was 
necessary therefore for it to be backed in the down direction 
along the up line until it was clear of the facing point, and then 
to be run along the connection leading to No. 4 
line. There is no signal provided for backing 
along the up line, but a disc signal is provided for 
shunting through the facing point in the up direction. This 
shunting signal is situated 4 yards to the south-east of the 
**B*' signal-box, i.e., 74 yards from the facing point. 

All the necessary preliminaries were duly carried out before 
the signal was lowered for the Brighton passenger train to 
run through the double junction on to the S.K. down joint 
line. Signalman Day, who was assisting Cheeseman in the 
**B" box, and who was chiefly concerned with the movements 
of the light engine, states that he knew that Cheeseman had 
accepted it and that it was about to run on to the down joint 
line* 

The S.E. and C. engine had brought a train into No. i 
platform line, and had to be crossed to take a train from No. 4 
platform. With this object in view Signalman Day at 6.34 
p.m. telephoned from the **B'* box to Inspector Mann, who 
was on duty on the platform, asking him to let the light 
engine back out on the up road so that it might be run into 
No. 4 platform line. Inspector Mann clearly understood 
what it was proposed to do with this engine. 

Meanwhile shunter Flood joined the light engine, and he 
knew how it was customary to deal with the engine. He gave 
driver Skinner instructions to run up to the platform starting 
signal, and whilst the engine was on the move Inspector Mann 
came out of his hut and gave further instructions to the 
shunter, and also to the driver, who was leaning over the 
engine towards him, ''Right out on the up road, but do not go 
beyond the cabin.** Skinner appears to have only heard 
Mann say *' Right out on the up road,** but Skinner admits 
that, though he did not know where he was subsequently 
going, he fully intended to stop his engine at the **B'* signal- 
box, which, he says, is the recognised place at which to stop 
when backing out on the up road. The light engine accord- 
ingly ran on along the up line towards the signal-box at the 
same time that the passenger train was running out of the 
Brighton Co.*s station to cross that up line. 

There was a fog at the time, and it is also admitted by all 
the witnesses that at the moment when the light engine ap- 
proached the "B** signal-box the steam from the two engines 
of the Brighton train was hanging about and interfering con- 
siderably with the view. Consequently neither the shunter, 
nor the driver, nor the fireman of the light engine appear to 
have seen the signal-box until they were immediately under it. 

Signalmjm Day states that he showed a green light. from 
the window of his signal-box for the light engine to run out 
of the station, and he watched the engine doing so. When, 
however, the engine reached the tank, situated about 100 
yards from his box, he lost sight of it owing to the steam, so 
he at once altered his lamp to show a red light. He did not, 
however, see the engine again until it was right under his box, 
when both he and his assistant, Cheeseman, shouted to the 
driver to ^top. Driver Skinner states that he was unable, 
owing to the fog and steam, to sec the signal-box, and that 
the first he knew of his lx»ing near it was hearing the shouts 
of the signalmen. He immediately applied his brakes, but 
owing to his wheels skidding he could not bring his engine 
to a stand before just coming into collision with the passenger 
train at the fouling point of the two lines on which they were 
resp<»clively running. Shunter Flood does not appear to have 
taken any steps to make the driver stop until they were within 
three or fiiur yards of the box. He admits that he was in 
charge of the shunting operation, but he states that he trusted 
to the driver stopping in time. 

'Fhere can be no doubt that both shunter Flood and driver 
Skinner omitted to exercise proper care when carrving out 
this shunting operation with the light engine. Tliev were 



both fully aware that it was not safe for the engine to run past 
the **B'* signal-box, and yet the engine was allowed to run up 
to the box at such a speed that it could not then be stopped 
in the length of 60 yards which intervened between the box 
and the fouling point between the two lines. It is allowed 
that, owing to the steam, they were unable to see the box till 
they were almost under it; but, under those circumstances, it 
was clearly their duty to have brought the engine to a stand- 
still until they could ascertain for certain where they were. 
Instead of doing so, the engine was allowed to run on at a 
speed which the shunter himself allows to have been beyond 
the ordinary. The occasion was one which called for special 
care, which neither the shunter nor the driver appear to have 
exercised. 

The backing of a light engine along the S.K. up road 
towards the point where it fouls the Brighton down line is 
undoubtedly an operation which is attended with a certain 
amount of risk. The S.E. and C. Co. recognise this fact, but, 
as it is impossible to carry on the London Bridge Station work 
without doing so, they guard against danger by making it 
a rule that, firstly, there shall always be a shunter in charge of 
the operation, and, secondly, that the engine shall never be 
taken beyond the *'B** signal-box, which is 60 yards from the 
fouling point, and which by its position over the lines is a 
very clearly marked stopping place. These precautions 
should meet the case, but it is essential that these rules should 
be strictly adhered to, and that the shunter who is in charge 
should be a duly qualified man who thoroughly understands 
and appreciates his responsibility. The shunter who was in 
charge on this occasion had only been employed three months 
as a shunter, and, though he admits that he was in charge of 
the movement, he does not appear to have realised his respon- 
sibilities in the matter. 

The only other point to which attention is called is the 
position of the disc for shunting through No. 61 points in the 
up direction. This disc is, as above stated, situated 74 yards 
from the points and 54 points from the fouling point at which 
this collision occurred. There seems no special reason for 
this disc being so far from the points, and in its present posi- 
tion it rather encourages drivers who are backing along the up 
road to run up to it, and consequently to run nearer the fouling 
point than there is any necessity for. The Co. might there- 
fore consider the desirability of shifting the position of this 
disc to a point nearer the facing point to which it refers. 

-4/ Anchor Pit Junction, Brighouse, L. & Y.R., <?;i 
7M December, Lieut-CoL E. Druiit, R,E., reports that\— 

The 10.50 p.m. goods train — Bradford to Wakefield — was 
run into by the 10.15 p.m., Salford to Hull, down goods train. 
The guard of the Bradford train was killed, and the driver and 
fireman of the Salford train were slightly injured. 

The Bradford train arrived at Anchor Pit Junction, and 
was brought from the branch line on to the down north line, 
and came to a stand clear of the junction points, with the 
guard's van about 70 yards from the signal-box, in order to 
set back into the down loop and sidings. It arrived at 1.59 
a.m., but could not be at once taken into the sidings, so 
waited on the down north line. 

Shortly afterwards, at 2.1 a.m., W. Robertshaw, the sig- 
nalman on duty at Anchor Pit Junction signal-box, received 
the circuit message regarding the running of the Salford to 
Hull express goods train, and this was offered to him from 
Brighouse East signal-box, on the down north line, at 2.12 
a.m. Forgetting all about the train already standing on that 
line, he at once accepted the express and lowered his signals, 
with the result that the express ran into the van of the stand- 
ing train at 2.16 a.m. 

The apparent causes of the lapse of memory on the part 
of Robertshaw were that, at 2.10 a.m., he was called to one 
of the telephones in his box to take down a message regard- 
ing the relief of a driver of another train, and while engaged 
in this he was offered the express jroods train at 2.12 a.m.. 
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which he accepted without thinking, and then went back 
and completed the transmission of the message at 2.14 a.m. 

Robertshaw would have been reminded of the standing 
train had guard Dewis of that train carried out the Rule No. 
55 (a), and gone to the signal-box and remained there until 
his train could be let into the sidings; unfortunately, he re- 
mained in his van, and lost his life. 

The driver of the express had no chance of avoiding the col- 
lision. He was running with all signals off at close on 30 miles 
an hour, with a long and heavy train behind him, consisting 
of 89 waggons weighing 700 tons, and with no braking power 
beyond that available on his engine. Owing to the curve of 
the line it was impossible for him to ascertain that the tail 
lights of the brake van of the standing train were on an 
obstruction on the down north line until he was 250 yards 
from it, and in that distance he could not appreciably diminish 
speed. 

At Hitchin, G.N.R., on 20th December. Lieut, -Col, R. E. 
Druitt, R,E,^ reports that :~ 

The 5.20 p.m. up passenger train from Hitchin was stand- 
ing at Hitchin South box slow line home signal when it was 
run into from the rear by two light engines coupled together. 
Seven passengers and the guard were injured. 

The ordinary rules of block working are not in use at 
Hitchin Station, but the following rule was promulgated in 
1897 :— 

Instructions to Signalmen. — Hitchin \ ard Box : — The up 
slow starting signal must never be lowered for a passenger 
train to proceed to the south box until *' Line clear " has been 
received for it from that place, nor must the signal be lowered 
for a train of any other description after a passenger train 
has left the platform for the south box until such passenger 
train has passed the south box and "Out of section *' has 
been received by the yard box from the south box for it. 

VV^hen the passenger train left the station at 5.21 p.m. the 
two engines followed it down and came to a stand at the 
up slow starting signal, and signalman Coulson (yard box) 
intended to keep them there until he received ** Train out of 
section *' signal for the up slow passenger train from the 
south box. 

At 5.17 p.m. an up goods train arrived on the up slow line 
and was kept at the yard box up slow line home signal, and 
after the two light engines had followed the passenger train 
down to the up starting signal Coulson allowed the up goods 
train to draw into the station, and it came to a stand with 
the brake van 10 yards or so north-west of the up sidings 
points, through which it had to be shunted into the sidings. 
It was not a long train, but no doubt the driver stopped on 
seeing the light engines in front of it. 

Coulson then, wishing to get the goods train to draw 
ahead so as to clear the points, lowered the up starting signal, 
forgetting the two light engines standing at it. The driver of 
the leading engine, thinking the signal was lowered for them 
to proceed to the south box, went ahead and ran into the 
rear of the passenger train which was still standing at the 
south box home signal. 

Although the collision was due to Coulson 's lapse of 
memory and to the dense fog which prevented him seeing 
the light engines at the starting signal, and the driver of the 
leading light engine seeing the tail lights of the passenger 
train, yet he was wrong in lowering his starting signal for 
any purpose whatever until he had received *' Out of section *' 
signal for the up slow passenger train. Had he wished to 
get the goods train a few yards beyond the starting signal he 
should have waited until he could send the fogman acting 
under his orders to verbally inform the driver, as it was im- 
possible to see a hand signal owing to the fog. 

The company are issuing instructions to the effect that 
in foggy weather passenger trains are to be kept at the plat- 
form until line clear can be given for them to proceed out on 
to the fast line at the south signal-box, which will prevent 
the recurrence of a similar accident. 



/// Exchange Station, Manchester, L. 4 N.W.R 
Coi, If, A, Yorke reports that : — 

The 8 a.m. train empty from Windermere was standing 
at No. 5 platform, Exchange Station, when it was run into in 
rear by the 9.30 a.m. train from Liverpool. Four passengers 
complained of shock. 

The Liverpool train was travelling at a speed of about 
4 or 5 miles an hour at the time of the collision : 2 coaches in 
each train were badly broken, and 7 slightly damaged. The 
engine of the Liverpool train had its front steel buffer beam 
and buffers broken and fore part of the frame badly bent. 
The brake blocks had not been released from the wheels of 
the stationary train. 

The Company have received permission from the Board of 
Trade to dispense with block working through this station^ 
and the traffic is therefore worked on the permissive system, 
more than one train being allowed to be in a section, or at a 
platform, at one and the same time. But in such cases, when 
a section or platform is already occupied by a train, the Com- 
pany's rule (quoted below) is that any following train is to be 
brought to a stand at the home signal, before the ** calling- 
on " arm is lowered to allow it to enter the station behind the 
previous train. 

This collision must be attributed to a want of care on the 
part of driver Pywell, who allowed his train to enter the 
station at too high a speed, and was therefore unable to stop 
it short of the other train, which was already in the station, 
and overlapped the scissors crossing signals by 20 yards. He 
attributes the collision to the fact that his train was not 
stopped at the home signals before being allowed to proceed. 
His argument is that as the ** calling-on " arm was lowered 
before he came to rest, he understood that the line was clear 
as far as the next signal or signals, i.£»., the scissors crossing 
signals, but that if the arm had not been lowered until his 
train was at a stand, he would have understood that the line 
was not clear up to the scissors crossing signal. This is an 
entirely new interpretation of the rule regarding the use of 
** calling-on *' arms. The rule as to ** calling-on *' arms is 
perfectly clear. It says that ** when a * calling-on * arm is 
lowered, the engim* driver must draw forward past the post of 
the signal on which the * calling-on ' arm is fixed as jar as 
the line is clear/' That defines the driver^s duty. 

The rule further says that ** unless instructions are issued 
to the contrary, the ' calling-on * arm must not be lowered 
until the train has been brought to a stand at the home 
signal." That defines the signalman's duty. 



At "Enfield, G.N.R., on 22nd December. Lieut,-Col. E. 
Dntitt, R.E,, reports that:— 

The 8.9 p.m. train from Moorgate Street ran into the 
buffer stops. One passenger and the front guard were 
slightly injured. 

The leading bogie and the four coupled wheels of the 
engine left the rails and the buffer stops were carried away. 
The accident occurred at 9.31 p.m. during a dense fog. 

The home signals are 355 yards from the buffer stops and 
the distant signals are 698 yards beyond the home signals. 

Driver Toms and fireman Rumble were unable to distin- 
guish any signal or to see any lights to enable them to dis- 
cover their exact position on approaching Enfield Station. 
Both the home and distant signals being *' off " for them, no 
detonators were laid, and when the fogman at the home sig- 
nal shouted to them they state that they thought they were 
passing the distant signal. When driver Toms was uncer- 
tain as to his exact position approaching the station he did 
not wish to stop for fear of the passengers getting out in 
error, thinking the train was at the platform, so he proceeded 
cautiously with the brake blocks just rubbing on the wheels, 
and could have stopped the train in a few yards' distance at 
any time had he realised that he was in the station. 

It is a point worthy of consideration whether fog signals 
should not be laid at the outer end of platforms of terminal 
stations during very dense fogs. 
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The Earl of Dalkeith, deputy-chairman of the North 
British R., has been elected chairman of the company in suc- 
cession to the late Mr. G. B. Wieland. 

Mr. Clarendon G. Hyde, 4, Pump Court, Temple, E.G., 
has been elected a director of the Lancashire, Derbyshire and 
East Coast R. This company is sadly in need of "new blood." 

Mr. D. C. Rattray, assistant engineer of the Lancashire and 
Yorkshire R., has been appointed engineer-in-chief in succession 
to Mr. VV. B. Worthington, who has accepted the similar position 
on the Midland R., vacant by the death of Mr. J. A. Macdonald, 
and Mr. A. Watson has been appointed to succeed Mr. 
Rattray. 

Mr. F. S. Barnes has been appointed outside assistant, 
carriage and wagon department, Lancashire and Yorkshire R., in 
succession to Mr. F. W. Attock. 

Mr. E. N otter has been appointed district locomotive 
superintendent of the Great Northern R. at King's Cross in 
succession to Mr. F. Wintour. 

Mr. W. Cleaver has been appointed engineer, and Mr. 
A. H. Hertz locomotive superintendent, of the Port Talbot 
Railway and Docks, in succession to Mr. VV. J. Hosgood. 

Mr. Dugald Drunimond's title has been altered from 
"locomotive superintendent" to that of *' chief mechanical 
engineer " of the L. and South Western R., and the electrical 
plant has been placed under his charge. 



Mr. Samuel Bower has been appointed assistant accountant 
of the Midland R. 

Mr. H. F. Golding, chief draughtsman of the locomotive 
department, Taff Vale R., has been appointed assistant loco- 
motive superintendent at Penarth Dock. 

Mr. W. Clow has been aopointcd assistnnt superintendent 
of the line in succession to Mr. S. H. Fourdrinier, who has 
retired. 

Mr. Philip Burt, general traffic manager, has been appointed 
deputy general manager of the North Eastern R. 

We regret to record that Mr. Geo. B. Wieland, chairman 
of the North British R., died at Mentone on the 26th March, 
on his way back from Egypt, where he had been for the benefit of 
his health, and was returning to hold the half-yearly meeting of 
his company. He was a Londoner and began his career in a L. 
and North Western R. booking office. He was promoted 
to the general manager's office, and in 1873 obtained the 
appointment of secretary to the North British R., whiph 
positten he held until 1892, when he resigned and was elected to 
a seat at the board. When Lord Tweeddale resigned, as a con- 
sequence of Mr. Grierson's circular in 1 899, Mr. Wieland was 
offered the chairmanship but declined it, but on the resignation of 
Sir Wm. I^aird in May, 1901, he accepted the position and held 
it up to the time of his death. He was in his 68th year. 



International Railway Congress. 

The International Railway Congress meets at Washington this 
month. It opens on the 4th and closes on the 13th inst, after 
which the delegates will take either a short or a long tour ending 
at New York on the 23rd or 27ih inst. respectively, and covering 
either about 1,500 or 2,700 miles, and visiting the principal 
centres of railway interest. The hospitalities arranged by the 
American railroad companies are upon a gigantic and lavish scale. 
The papers to be discussed are with son.e few (chiefly American) 
exceptions, like their predecessors, mainly remarkable for the skill 
with which the facts and data are swamped with verbosity. But 
few of the delegates read the papers, and still fewer discuss them. 
A larjje number of English and Irish railway officials have 
been " delegated " by their respective companies to attend this 
congress, and it is gratifying to see the names of so many 
younger officials in the list, especially from the larger railways. 

Demurrage on Private Owners' Wagons. 

The Railway and Canal Commission decided, in the case of 
Charrington, Sells, Dale and Co. f. L. and North Western R. 
that three days was a " reasonable " time for a jolirney, and that 
6^/. per day per lo-ton wagon was a "reasonable" amount for 
demurrage if the " private " wagon were detained longer than the 
** reasonable " time on the journey. 

The result of this decision will tend to prevent the collection 
of traffic into big units, and also will make railway companies 
more particular about siding rents in order to keep their yards as 
clear as possible. 

How much easier and smoother railway working would be if 
there were no " private " owners' wagons at all. 
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German Gas, Water and Steam]^Tube8. 

We are informed that Messrs. Chas. Hatton and Co, and 
Mr. Ed. Lomer have been appointed sole agents for this country 
for the syndicate which controls the entire output of gas, water, 
and steam tubes up to 4ins. diam., of twenty German firms, and 
which rejoices in the title, VerkaufssteUe der DeutscJun Gas und 
Siederohnverke Gesellschaft mit beschrankUr Haftung (German 
Gas Tube Export Syndicate). We hope that our railway 
companies will see that their interests lie in supporting home 
industry and not " dumping," and will remember that there are 
several firms in SufTordshire and other places at home that can 
do very well with all their orders just now. 

Victoria Bridge over the Zambesi River. 
The British South African Co. were able to announce that on the 
ist ulr. the two halves of the great bridge, the highest in the 
world, over the gorge at the Victoria Falls, on the Zambesi River, 
** met exactly " at 7 a.m. in the presence of Sir Charles Metcalfe, 
their consulting engineer in Rhodesia. This bridge was designed 
by Sir Douglas Fox and partners, and was made in England. 

Egyptian State Railvs^ays. 

Ix)RD Farrar's Commission have condemned as unsatisfactory 
the system under which the Egyptian State Rs. have been 
administered, and which consisted of a ** Board of three persons 
" whose functions are not specially defined," but which " appear 
" to be limited to the control of the operating staff, and to seeing 
" that the railways are worked at an agreed percentage, which has 
"varied at different times from 33 to 54 per cent. They also 
'* have to control the Port of Alexandria and the telegraphs.'* 

The report is a voluminous one and we hope to deal with it 
more fully at a future date, but for the present it must suflSce to 
say that the Commission recommend the abolition of the present 
Board ^nd the appointment of "one chief having powers 
" analagous to those of a managing director, or general manager in 
** other countries," responsible for the State Railways and Tele- 
graphs to a State Council consisting of at least ^v^ members, 
who might take cognisance of all other transport agencies in the 
country. Such a council not to interfere directly with the 
executive, but to sanction expenditure, " in fact to be the watch 
dog of the Government vis avis the railways.'* 

This recommendation has already been acted upon, and 
Major J. H. L*E. Johnstone, R.E., president of the Board, has 
been appointed general manager. 

Subject to the chief oflScer there should be more than four or 
five heads of department, viz., traffic, accounts, way and works, 
mechanical and electrical engineering, and stores and purchase. 

The Commission recommend the capitalisation of the State 
railways, and suggest L.E. 2 1.275,000 as a fair value, this sum 
being 20 times the net revenue for 1903. 

The Commission condemns the posposal to widen the gauge 
of the Luxor- Assouan line from 3ft. 6in. to 4ft. 8iin., the gauge of 
the Sute railways, and considers it would be more remunerative 
to spend L.E. 1,000,000 m linking up the line with the 700 miles 
of railway in the Sudan, than to spend L.E.6oo,ooo in widening 
its gauge to that of the State railways. 



Record Postcard Sales. 

What we believe to be a record in the sale of pictorial postcards 
has been achieved by the L. and North-Western R., whose excellent 
views of engines, carriages, bridges, and the " beauty spots " served 
by their system are now so well known. First published in 
August last the cards sold up to the end of March numbered 
2,^12,900, a monthly average of 276,612. This is doubtless 
attributable to the very low price — twopence for six cards — com- 
bined with the highest quality. 

The cards are still on sale at stations, town offices, &c, and 
will come in useful for the holidays. 



Books, Papers, and Pannphlets. 

River, Road^ and Kail, Bv Francis Fox. London : John Marray, Albe- 
marle Street, W. 1904. 

Curious experiences fall to the lot of most engineers, especially 
those engaged on large works in ^'new'' countries. It is not 
therefore surprising that the reminiscences of Mr. Francis Fox, 
who for the greater part of his life has been a partner in one 
of the most extensive consulting practices in the world, should be 
both numerous and varied. As such anecdotes and experiences 
too often go unrecorded, it is a matter for congratulation that 
Mr. Francis Fox has been persuaded to write his delightful book. 

The incidents are drawn from all parts of the world, and most 
of them have some professional point which renders their narration 
valuable to the young or less experienced engineer as well as 
interesting to the older engineer and non-technical reader. Con- 
siderable space is devoted to two works which just now are 
attracting much attention, viz., the Simplon Tunnel and the 
bridge over the Zambesi near the Victoria Falls. Mr. C. 
Beresford Fox, the author's son, was the first man to cross the 
gorge on the wire rope, and an interesting illustration of him 
suspended in midair while doing so is an attractive feature of 
the book. The two coloured comparative plans of the Victoria 
and the Niagara Falls are both useful and interesting. And, 
indeed, it may be said that all the illustrations are good and of 
especial interest. The author's father, Sir Cnarles Fox, erected, 
in conjunction with Sir Joseph Paxton, the great building of the 
185 1 Exhibition — now the Crystal Palace — and the contents of 
the book cover the period of time from the construction of that 
building down to the single-span bridge over the Zambesi River 
in Africa; and when one calls to mind the number of public 
works the author's firm have been connected with during that 
period a fair idea is obtained of the extent of the field the author 
had at his command. 

Si* 

Tratisactioni of the Junior Ent^ineerin^ Soi iciv, Swindon, /go 7-4. Edited by 
G. Ireland. Published by the Society, G.W.R. Loco. Dep»., Swindon, 
1905. [Price s$.] 

The papers recorded in this volume are : Carriage and IVagon 
Roiling Stocky by F. W. Marillier ; Iron and Steel and their 
Analysis^ by R. L. Surge ; Modern Automobile Constrtution, by 
P. Warren Noble ; Saverage and Savage Disposal, by Cecil T. 
Cuss ; Internal Combustion Engines^ by B. Humphrey ; Improve- 
ments in Gas IVorks Appliances, by David G. Slatter ; The 
Metallurgy of Copper, by Trevor Roberts ; Steam Freight-carrytn^ 
Vehicles, by V. Bay ley : Gieat Western Railway Locomotives, ^^ La 
France'' and ''''Albion,'' by G. H. Burrows ; and Valves and VaJvi 
Diagrams, by VV. H. Pearce. These papers and the discussions 
upon them are particularly interesting and full of useful informa- 
tion. They are mostly very fully illustratd. 



Ga.\ Produars for Power Purposes. Bv W. A. To<^KBV. London : Pe/dral 
Marshall and Co., Toppin's Court, E.G. 

This little book is a useful introduction to a more extended 
study of this important subject and is also especially intended to 
give reliable information to non-technical purchasers of, to erectors 
who instal, and to the attendants to whose intelligent care such a 
plant is entrusted. r\r\cAo 
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In the earlier and major part of the book the subject is 
treated generally, the better known producers being illustrated 
and their action explaiued and several useful hints as to the start 
ing and subsequent operation of producers given. In the latter 
part or appendix most of the producers on the market are 
illustrated and explained in detail. 



Motors and Motorhti^, By Hv. J. Spooner, M.I.Mcch.E. London: T. C. 

and E. C. Jack,' 34, Henrietta Street, W.C., 1905. 
Peiro/ Afofors Si pfiply Explained. By T. H. Hawley. London: Percival 

Marshall and Co., Poppin's Court, E.C. 

Both are well-written elementary little books which explain 
clearly the general principles on which all petrol motors are con- 
structed. Mr. Spooner's book is larger and explains the subject 
more fully than does Mr. Hawley's book, which is more par- 
ticularly devoted to cycle motors and the " F.N." cycle motor in 
pirticular. The plan of the books is the same, both give a simple 
explanation, illustrated with diagrams of the Otto cycle followed 
by illustrated descriptions of the principal parts of the illustrated 
motor. 

Mr. Spooner's book forms an excellent introduction to the 
mechanics of the petrol motor car, and after reading it one has a 
good idea of best known carburettors, sparking plugs, silencers, 
transmission gears, clutches, &c., as well as of ignition and lubri- 
cation. The illustrations in this book are also very clear. 



He^^^nners* Guide to the Lathe, By Percival Marshall, A.I.Mech.£. 
London : Percival Marshall and Co., Poppin's Court, E.C. 

This is No. 25 of the Model Engineer Series. It is quite an 
elementary work, but nevertheless an admirable guide to the 
working of the amateur's hand lathe, and a perusal of it will save 
most of the time that is usually spent in learning by experience 
and prepare the beginner for more advanced books on the 
subjecr. 

Books Received. 

Tfu Met hatii* at Handling of Material. Being a treatise on the handling of 
material such as coal, ore, timber, etc., by automatic or semi-automatic 
machineiv, together with the various accessories used in the manipulation 
of such plsint,also dealing fully with the handling,storing and warehousing 
of grain. By Geo. Frederick Zimmer, Assoc. M. Inst. C.E., with 550 
illustrations. London : Crosby, Lockwood and Son, 7, Stationers' 
Hall Court, Ludgate Hill. 1905. [521 pp. ; io]in. x 7^in. and several 
folding plates ; price 2$5, net.] 

Modern Engines and Pffiver Genet a tors. A practical work on prime movers 
and the transmission of power steam, electric, water and hot air. By 
Rankin Krnnedv, C. E. With 254 illustration. Vol. V. London: 
The Caxton Publishing Co., 84-86, Chancery Lane, W.C. [216 pp. ; loj 
ins. X 72in8. ; cloth, price 9J. net.^ 

Jourftal and Report of * Proceedings of the Institution of Penihinent- Way 
Inspectors, Vol. XXIII. Part I. Edited by Clement E. Stretton. 
London : Published by the Institution, 9, Gracechurch Street, E.G. 
1905. 

Railway Companies and Traders, Owner's risk conoitions. 

Report of the Standing Joint Committee of Midland Chambers of Com- 
merce on Railway Matters respecting their negotiations vrith the Great 
Western, L. and North Western, the Midland, and the North Staffordshire R. 
Companies, with regard to the interpretation of their ** Owner's Risk Con- 
ditions," and the treatment of claims thereunder for loss, damage, or delay. 



The Maintenance and Strengthening of Early 
Iron Bridges.^ 
This paper deals first with the strengthening of an iron 
bridge over the River Ouse, consisting of three spans of 
117ft., and two end spans of 70ft., the reinforcements con- 
sisting of extra plates to increase the flange-area and provide 
extra rivets for the braces, new cross girders and flooring. 
The bridge was thus brought up to modern requirements at 
a cost of some ;^8,ooo. 

Next is given a description of the strengthening of a 
bridge over the River Thurne, consisting of three spans of 

• Abstract of a paper by Mr. W. Marriott read before the Institution of 
Civil Engineers, April, 1905. 



79ft. each, which necessitated extra plates at all panel-points 
to give extra rivet-area, new cross girders and longitudinals, 
and re-arrangement of flooring. The whole of this work 
was done while traffic was running, at a cost of , about ;^2,050. 

A method of reducing the stress in old bridges by reducing 
the permanent dead load is also dealt with, and an example 
is given. 

The author states the difference, from a maintenance point 
of view, between iron and steel, and records the experience 
of over twenty years in the preservation of bridges, etc., from 
rust; after describing various methods, he ends by recommend- 
ing the use of Portland cement for the purpose, giving ex- 
amples of its use. 



Bowman'8 Either-side Brake for Wagons. 

This brake is a South Australian invention designed to comply 
with the conditions laid down by the Board of Trade and Railway 
Clearing House Committee. It is applied or released from oppo- 
site or diagonal corners of the vehicle by the side levers now in 
use, and which are fixed upon a brake shaft. These brake levers 
are supported in a raised or "oflf" position by movable spring 
supports placed inside the guides, and connected by rods to a 
rocking shaft, which is carried in bearings attached to the under 
frame. 



Fig. I. 

Draw rods with handles are placed at each corner of the 
vehicle, and connected to arms on the rocking shafts, so that 
assuming the two hand levers to be in the raised position, corres- 
ponding to the "ofT" position of the brake, by pulling any one 
of the four draw rods with handles, ijin. outwards, the two 
movable supports can be withdrawn from under the hand levers, 
which will then fall and apply the brake. 

The shunter, when applying the brake, stands clear of the 
vehicle (fig. 3), and if he should miss the first handle he might 
apply the one at the other end of the truck. To release the brake 
either hand lever is raised sufficiently high to allow the springs to 
push the supports out under the brake levers. 

The application and release require one motion only, and 
only one hand is required for either operation. 

The Bowman brake is also suitable for hopper trucks and 
bogie trucks, and can be made to apply the brake to all the eight 
wheels from any corner. It ^gj^p^^l^^'gP^^^I^^O^Wrf^ by 
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the experts of the South Australian Government Railways, 
Silverton Tramway Co., and Broken Hill Proprietory Co. It has 
been tried successfully by the Silverton Tramway Co., by the 
Broken Hill Co. (where they have some very steep gradients), and 
has also been running (in a slightly modified form) for three 



Fig. 2. 

years without a single complaint on the Iron Knob line, belonging 
to the Broken Hill Proprietory Co. 

Mr. Robert W. Goudie has a full sized working model erected 
at 35, Walbrook, E.C., which he will be pleased to show to 
anvone interested. 



l-iiJ- 3- 

It is estimated that the cost of this appliance, including 
fitting, will be less than j[^2 per truck. 

Fig. I shows the brake in the "off" position, fig. 2 the 
reverse end of the same truck, and fig. 3 the method of applica- 
tion. It will be noticed that by pulling the one handle the other 
three are not disturbed. 



North's Patent Rail Tie. 

0\ some lij^ht railways where flang^e or Vig^nole rails are laid 
trouble has been experienced owing^ to the rails spreading, 
particularly on very sharp curves, and with the object of 
preventing- this the tie, illustrated by the annexed drawing, 
has been devised by Mr. North, the agent in charge of the 
North Wales Narrow Gauge R. at Denis Junction. 
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It consists of a flat bar about 4ins. wide, having projec- 
tions which butt under the head of each rail, and provided 
with loose clips bolted on and which secure the inside flange 
to the tie as shown in the illustration. The ties are easily 
made and readily put in position, and we understand that the 
results have been entirely satisfactory on the above railway, 
which abounds with frequent and sharp curves. 

Messrs. Davies and Metcalfe, of Romiley, are the makers, 
and further particulars can be obtained from then) direct or 
from their London oflRce at 75, Finsbury Pavement, K.C. 



Rolled Steel Wheels. 

The increased carrying capacity of American freight cars 
taxes the chilled cast-iron wheels beyond the .limit of their en- 
durance. This is largely due to the fact that, owing to the 
limitations imposed by the permanent way, the flanges cannot 
be enlarged so that the wheels placed under cars of 
100,000 lbs. capacity are not nearly so strong as those used 
under cars of 60,000 lbs. capacity. The heating caused by 
power brakes is also very trying to cast-iron wheels. 

Mr. Samuel M. Vauclain, in a paper lately read before the 
Franklin Institute at Philadelphia, described a new Rolled 
Steel Wheel which will apparently successfully compete 
with the chilled cast-iron wheel, and which will, we should 
think, be used far more widely. 

This wheel is made from high carbon steel. The ingot 
is cut into blanks sufficiently large to make one wheel. The 
blanks are taken from the furnace and pressed into shape 
under a 5,000-ton hydraulic press, and from there transferred 
to the rolls and subjected to enormous pressure and revolved 
at a high rate of speed, emerging as finished wheels. The 
blanks are handled entirely by mechanical means. 

The method of rolling and arrangement of rolls is shown 
in the diagram, from which it will be seen that the arrange- 
ment is such that thorough and heavy work can be put on the 
tyre of the wheel. 

The wheel may be dished or curved by placing it in a 500- 
ton press and gently squeezing it into shape. 

Analyses indicate the greatest uniformity in the wheel. 
Tests have also been made by supporting the wheels hori- 
zontally upon a ring underneath the face of the tread and 
allowing a weight of 2,240 lbs. to strike the wheel from 
various heights. It took thirteen blows to break a 36in. 
wheel, eight of the blows being from a height of 30ft. 

Another wheel was tested in running position, and strik- 
ing with a weight of 2,240 lbs. it took seventeen blows, nine 
of them being from 25ft., to fracture the wheel from rim to 
hub. 

One of the most severe tests that can be imposed upon the 
chilled iron wheels is, Mr. Vauclain remarks, that generally 
known as the thermal test. This consists in pouring a ring 
of molten iron i^ins. thick and 4ins 
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no cracks to develop within two minutes. This test is de- 
signed to secure a wheel which will not crack by the heat 
developed by the application of the brake shoes, and it is 
considered by manufacturers of chilled iron wheels to be a 
very severe requirement. A number of rolled wheels have 
been subjected to this test without injury to them. The heat 
from a ring- of metal 4ins. wide in place of 2ins. had no 
further effect than to cause the rim to expand and to draw 
the hub down slightly. No fracture was produced and the 
heat given out by the molten iron was sufficient to heat the 
tread for 2 or 3ins. to a dull cherry. After withstanding this 
test there need be no fear of breakages as the result of heat- 
ing of the tread by application of brake shoes. 

The comparison of the cost per 10,000 miles of the two 
types of wheels is given by Mr. Vauclain as follows : — 

Solid Rolled Wheels. 
Cost of pair of rolled wheels ... ... ... .. $54*00 

Cost of four turnings ... ... ... 240 

Cost of four removals and applications ... ... 2*40 



Less scrap value ... 

Xet cost ... 

Mileage, 350,000. 

Cost per 10,000 wheel miles, $1*43. 
Chilled Iron Wheels. 
First cost of pair of chilled iron wheels 
Cost of boring and mounting ... 
Cost of removal and application 



Less .scrap value 



$5880 
$5005 



$1800 
•80 

$19-10 
580 

$13-^0 



Net cost ... 

Mileage, 80,000. 

Cost per 10,000 wheel miles, $170. 

It is usual for the railroads to determine the average co.st 
of wheels by dividing the total yearly cost by wheel mileage 
made during that year. The statistics vary from 165 to 
1*78, the average closely checking the foregoing estimate. 

The natural field for the rolled wheel is : 

I. The severe service of engine and tender trucks, in 
which steel-tyred wheels arc now exclusively used. 



2. Passenger car equipment, in which the element of 
safety plays an important part. 

3. Heavy freight car equipment, for which the chilled 
iron wheel has proved inadequate. 

The wheels, however, are adaptable to lighter service, 
and statistics indicate that it would be profitable to employ 
them in street car service. 

The following statement shows the co.st of maintenance 
of wheels in .street car service in various part ot the United 
States. These figures are practically based upon the use of 

the usual type of chilled wheel : — 

Per 10,000 miles. 
Xorth-we.stern ... ... ... ... ... $1*61 

Pacific coast ... ... ... ... ... i'i5 

Middle- west ... ... ... ... ... 2*14 

Chicago ... ... ... ... ... ... 3*04 

Canadian ... ... ... ... ... 304 

]*hiladelphia ... ... ... ... ... 1*65 

The railways carrying the greatest number of pa.ssengers 
will generally show the greatest cost, as the constant braking 
necessary because of frequent stops and slipping resulting 
from rapid acceleration is very hard on the chilled iron wheel. 
By the rough usage at many crossings many wheels are put 
out of service by clipping off the flanges. 



Atlantic or 4-4-2 Class Engines ; Great Western 
Railway. 
The new Atlantic or 4-4-2 diss of e^gines which Mr. G. J. 
Churchward, M.Inst.C.E., has recently designed for the Great 
Western R. are illustrated by the annexed diagram. Several of 
these engines are now at work, and have given satisfactory results. 

The engine " Albion," which we illustrated in our issue for 
.April, 1904, has been altered as shown in the illustration, but it 
must not be assumed that the 4-6-0 class has been abandoned, 
as there are four or five other 6-coup e \ express engines in con- 
stant work with the heavy express services. 

The principal dimensions of the.se engines are : — 

Cylinders^ i8ins. diam. by 3oins. stroke: steam ports sijins. 
by ijins. ; exhaust ports 31. tins, by 4iins. 

Boiler^ barrel 14ft. loins. long by 4ft. lojins. and 5ft. 6in5 
diameter outside ; firebox outside 9ft. long by 5ft. 9ins. and 4ft. ; 
firebox inside 8ft. 2,**^ ins. long by 4rt. 9ins. and 3ft. 2}ins. ; fire- 
box height 6ft. 6y^ins. and sft. { Jins.; 250 tubes 2ins. diam. by 
15ft. 2,Vins. long. 

Working Pressure, 2 25lbs. per sq. inch. 

Heating Surfacr^ in the tubes 1988 65 sq ft., in the fire box 
154-26 sq. ft , total 2,142-91 sq. ft. 

Fire Grate, 2 7 o 7 sq. ft. 

IVhfeis, coupled 6ft. 8jins. diani. ; bogie 3ft. 2ins. diam. ; 
trailing 4ft. ijins. diam. 

Working Order 
1 6 tons o cwt. 

19 
19 
15 



IVeigfUs 
On the bogie whei Is 
On coupled wheels 
On driving wheels 
On trailing wheels 
Twtal 
Ti nder 
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70 

43 

»03 



10 
10 
10 
10 



3 
^3 



Emp*y 
14 tons 15 cwt. 


17 ,, 

17 M 


16 „ 
16 ., 


14 ,» 
64 „ 


3 » 
8 „ 


19 „ 
83 „ 


5 „ 
'3 „ 



Water, capacity of tender tanks 3,000 galls. 

Tractive Font, 24,45olbs. r^r\rAt> 
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Reinforced Concrete in Railway Construction. 

There seems to be a ver)' remarkable diffidence on the part 
of English railway engineers to accept the fact that Armoured 
or Reinforced Concrete has come to stay, and, notwithstand- 
ing the great and increasing use of this material in America 
and on the Continent of Europe, it appears to have made 
comparatively little progress in Great Britain or our Colonies. 

The most interesting paper that has been given in this 
country on the subject was given before the Institute of British 
Architects, and not, as it should have been, before the Insti- 
tution of Civil Engineers, where the matter is conspicuously 
left severely alone. Something was done when certain members 
of the English Institution met other members of the American 
Society at the St. Louis Conference, but beyond a paper read 
before the Liverpool Engineering Society in 1900, and a paper 
read by Mr. A. T. Walmsley before the British Association 
at Bradford, also in 1900, nothing in the way of learned 
papers on the subject has come under the notice of the writer. 

Of course, the appearance of the material is against the 
extensive use of it, but even in this aspect of the question it 
seems strange that little has been done in this country to 
grapple with this defect. The tendency when dealing with 
concrete, whether reinforced or not, is to treat it in large 
blocks with extensive flat surfaces, such as is found in sea 
walls, etc., but seeing that the material is capable of being 
moulded and broken up into ornament such as strings and 
panels, dentils and projections, it does not seem to be essential 
that the flatness of surface, so invariably seen, should be re- 
tained in the case, say, of bridge abutments, wing walls, 
parapet walls, pilasters, and walls of buildings. 

In fact, a concrete (armoured) bridge at St. Louis, the 
New Forest Park Bridge of the Wabash RR., is a very fine 
example to emulate in this respect. The abutment and wing 
walls are well panelled, and the latter are curved to a most 
exquisite line. The pilasters arc well designed with orna- 
ments of shields and foliage, and the parapet over the flat 
headway of the bridge is beautifully broken up into inter- 
mediate blocks supporting urns, filled in between with circular 
balusters. 

It appears very probable that in the use of reinforced con- 
crete, except in the case of arched bridges, the girder will not 
be done away with, at least in the immediate future. The use 
of the material in railway bridges in which the headway is 
at all restricted appears to be more in the way of flooring laid 
between or resting upon the girders, than its use in the actual 
girders themselves. There is, of course, little doubt but that 
a reinforced concrete girder of ample strength could be de- 
vised, with perhaps (fig. i) many horizontal or flatly curved 
rods or bars, with some vertical or inclined bars to bind the 
whole together as a practically homogeneous mass and en- 
suring uniformity of resistance under the loads; but it appears 
that sucli a girder can only be adopted where there is no re- 
striction in the headway or in the permissible dead weight. 

It is even within the bounds of possibility for a lattice 
girder to be designed in which the various triangulations are 
made up of several bars of steel within a concrete mass, as 
in the case of a peculiarly shaped steel-concrete girder at 



Purfleet, but it is very questionable whether such construc- 
tions will be used by English railway engineers for some time 
to come. 

The probability is that if this type of construction be used 
at all it will be in the form of the bedding and surrounding 
of a properly and independently made structure or truss, with 
all the connections properly riveted and finished and acting as 
a chord or stiff"ening inside a protecting and surrounding com- 
position of a very adhesive but not brittle concrete. 

In this case, even if the diff^erent bars and chords of steel 
are not made strong enough in themselves to carry the stress 
to which they will be subjected, it is nevertheless probable 
that the riveting and connecting of the various parts will be 
of ample strength independently of the concrete covering such 
connections. The advantage gained in this case will be that 
of greater stiffness and solidity in the bridge and of the total 
exemption from the heavy charge for painting and mainten- 
ance to which ordinary steel bridges are subject. 

The lattice girder previously referred to (at Purfleet), with 
its peculiarly designed struts and ties in the web part of the 
structure, is an example that it is unlikely will ever be copied, 
the different parts being not very rationally designed to carry 
out the functions which they would have to undertake in a 
structure designed to carry the ever varying exigencies of rail- 
way moving loads. 



Fig, I. Fig. 2. 

In the case of railway underbridges the simplest type ot 
bridge is that of longitudinal girders under the rails, perhaps 
one steel girder under each rail, with jack arches between 
them. For this design the obvious thing would be to replace 
the usual brick jack arch with concrete jack arches, with pos- 
sibly a few rods just above the intrados of the arch to keep the 
arch from cracking under the vibrations to which it is 
subject. In this case something will have to be designed to 
carry a layer of concrete or cement one or two inches in thick- 
ness on the underside of the girders themselves, and so avoid 
painting charges. A web of expanded metal attached by the 
riveting would perhaps serve the purpose. 

The next thing after the replacing of the jack arches would 
be to lighten the structure by raising the haunches (fig. 2), 
and in this case the steel rods will become more necessary 
than in the example of the arch of circular section. A certain 
part of the structure, midway between the girders, will have 
perhaps to resist bending as well as vibration. 

A more complex design is that where there are main girders 
and cross girders, and in this case perhaps the use of rein- 
forced concrete will enable the cross girders to be placed 
further apart, and the jack arches, whether circular, ellip- 
tical, or flat, to have a longer bearing. In this way- cost may 
be saved and dead load decreased by the use of this material, 
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but in this case it will probably be necessary to make the floor 
strong enough to carry a sleeper with its load of chair, rail, 
and axle-weight, at any point between the cross girders. 

In the case of the still more complex railway underbridge 
with main girders, cross girders, and rail bearers, the use 
of reinforced concrete will be again in the floor, and an adap- 
tation of the expanded metal system may perhaps be arranged, 
which, although necessitating a floor heavier than the usual 
§in. floor plate, with its cross stiffeners, yet will gain much 
by the doing away with the painting and costly maintenance 
always so necessary in this type of structure. 

In districts where chemical fumes are found so destructive 
to any kind of ironwork, a floor of this material would be a 
great and manifest advantage, since the whole of the metal 
surface would be covered with at least some appreciable thick- 
ness of concrete, through which the exceedingly deleterious 
fumes could have no effect. 
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Fig. 3- 

The footbridge at Toulouse (fig. 3) forms an admirable 
example of what could be done in this material for some of 
our station footbridges, and in fact for other bridges made to 
carry footroads or light loads across lines of railway. In this 
design there would be no need for ever watchful care to pre- 
vent oxidation of steel lattice girders under the constant 
attacks of sulphurous fumes from the engines, aided in their 
destructive influence by the dampness of the condensed steam 
from the engines. 

In skew bridges, where the bridge superstructure has to 
be built at an angle with the abutments, all the trouble arising 
from the necessary cutting of the skewbacks to elaborate 
geometrical drawings, the trouble incidental to the working 
of the bricks or stones composing the arch in their requisite 
spiral courses would be done away with, and a solid homo- 
geneous structure would replace the arched bridge of to-day, 
which is only too liable to crack or to fail in other ways. 

Of course, as regards arched bridges, where there is ample 
depth for construction and no necessity for a flat or thin form 
of construction, the use of reinforced concrete is at its best. 
Combining tensional strength with the monolithic nature of 
the brick arch, there would not be the same fear of settlement 
and cracks that now exists in all such work. It is probable 
that the unsightly protuberances of cast iron face plates, with 
the accompanying obnoxious nuts of the tie-bolts so often 
seen in cracked railway bridges, would not be so often noticed 
as they are at present, when failures in brick and stone arches 
are so numerous. 

In the use of reinforced concrete for arched railway bridges 
(fig. 4) there would be another advantage, a flatter curve 
could be adopted, and an economy in headway provided, a 
matter often of the very first importance in both new lines 
and in the extension of old railway bridges. In many such 



cases, where the widening of an old line has to be negotiated, 
the local authority seldom fails to insist that the under- 
bridges shall be widened as well as extended at the same time 
that the headway is retained, mostly a costly operation, in- 
volving the use of steel girders and great cost in future main- 




Fig. 4. 

tenance, but with the use of this comparatively new material 
the case may often occur where the distance between the 
abutment of an old bridge might be widened and at the same 
time the arch made with a flatter curve, thus obviating great 
expense. 

In the construction of arched bridges of reinforced con- 
crete there are many examples, such as the 54ft. 3ins. arch 
carrying two main tracks of the Central Railroad of New 
Jersey across Jackson Street, Newark, U.S.A., for the rail- 
way engineer to fall back upon as a precedent. 

There are many cases met with in strengthening old rail- 
way bridges where cross girders are found to be weak for 
modern heavy engines, whilst the main girders are amply 
strong. In this case a few steel rods, covered with concrete 
and forming a ferro-concrete floor, would suffice to provide 
a stronger floor by distributing the effect of the moving load 
over the whole or a greater surface of the floor. 

For retaining walls the use of the material under con- 
sideration may be very happily adopted. Many retaining 
walls in railway works have given great trouble with their 
unequal and inexplicable settlements, failure of substructure, 
cracks and movements downwards and forwards. Especially 
is this the case where the wall is built on unsafe and un- 
satisfactory ground such as is found in many heavy cuttings 
such as those in the counties of Leicester and Xorthants, 
where the treacherous ground both below and all the way up 
the slopes are constantly giving anxiety and trouble. A judi- 
cious use of carefully and scientifically arranged bars of steel 
in a concrete wall would often meet the case, and, whether it 
prevented failure or not, could be made to act as a girder 
both laterally and vertically, a consummation that cannot be 
effected in brickwork, however well designed. Whether the 
case of defective foundation would be fully met or not, it is 
certain that the usefulness of the wall would be enhanced. 

In cut and cover work in railway subway and tunnel 
building the Vienna Metropolitan Railway forms a 
good example, as do the Dunham Subway, the 
Battery Park Subway, New York, and the Boston 
and Philadelphia Subways in the States. In this 
kind of work it is next to impossible to keep the steel girders, 
if such are used, in good condition by painting or tarring 
them, the constant presence of smoke and steam militating 
against any preservative applied to the surface of the metal, 
and if jack arches are used the underside of the girder is still 
exposed. The reinforced concrete beam will here entirely meet 
the case, and entail no future maintenance. 
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Ferro-concrt^^^ piles could be used under the piers and 
abutments oi bridges, under retaining walls, under dock walls, 
and under heavy warehouses. Such piles, in which vertical 
rods are surrounded with fine concrete, sometimes held to- 
gether by transverse bands, are able to take much greater 
loads than the ordinary wood piles used in such situations. 
The ferro-concrete piles are practically indestructible, and in 
relation to the safe load are cheaper than timber. 

But it is perhaps in warehouses and dock sheds, granaries 
and bonded stores, of which a great number are owned by 
railways, that the adoption of reinforced concrete would 
be of the utmost service. Higher and stronger walls, con- 
siderably thinner than if built of brick and stone, and yet far 
stronger, are with ease erected in this material in the States 
and in other countries; the floors are stronger to carry the loads 
of corn or other merchandise, when formed of expanded 
metal, and occupy far less room on account of their compara- 
tive thinness. The maintenance charges are practically nil, 
and above all the risk of fire, with its attendant compensation 
to the traders, is obviated. If it should be that a wagon 
loaded with heavy goods gets astray and knocks against the 
warehouse wall, the resistance to the shock is greater, and 
many cases have been cited, notably in the discussion of the 
paper before the Institute of British Architects, in which mono- 
lithic structures of reinforced concrete have been severely 
handled in cases of accident, and yet little damage has 
occurred. 



difficult undertaking to place a steel girder in position, whilst 
to build it up from plates and bars on site would be impossible. 
But even as ralway sleepers it has been suggested th.u 
this material could be used, with what success it is perhaps 
premature to discuss. If a sleeper of this material could I e 
devised, which would be practically independent of climatic 
influences and incapable of rotting, notably in the case oi 
dark, damp smiking tunnels, it would be a great boon to our 
railvvavs. 



The Hurley Track-laying Machine. 

The Hurley track-laying machine consists of a **machine 
car*' with a 67ft. cantilever extension for carrying sleepers in 
advance of the material train, and with power-driven rolls for 
hauling strings of rails over the material cars to the front of 
the work. The accompanying illustration, reproduced from 
a drawing, shows the general appearance of the machine 
car and whole outfit of gear and materials. The rriachine 
car furnishes the motive power, not only for the conveyance 
of track materials, but also for moving the train, so that the 
service of a locomotive is dispensed with. This is one of the 
large factors in the economy of the use of this type of track- 
laying machine. 

The cars loaded with sleepers are coupled in behind the 
tender of the machine car, the cars loaded with rails bringing 
up the rear. At the middle of each material car, on each 
side and about a foot inside the edge, there is a roller, used 




Details of the Hurley TracW-Laying Machine. 



We have already referred to the use of expanded metal 
in floors, but it is equally applicable to roofs where slabs of 
the material can be laid on the steel framework without the 
costly and fire-inviting framing of timber purlins, rafters, and 
boarding, which are essential to good work in the case of 
slate or tile roof coverings. A notable case is that of the 
receiving station of the United States Express Co., New York, 
where the roofing on the principals consists of slabs 4jins. 
thick in spans of about loft. 

For underpinning, as for example in the case of the steel- 
concrete girder under the Old State House for the Boston 
Transit Commission, the use of reinforced concrete is most 
advantageous, and a stronger but indestructable girder can 
be erected in position, spanning over distances ordinarily 
necessitating a steel girder, and the reinforced concrete girder 
can be adapted to carry both tension and compressive stresses 
with facility. In many cases of this sort it would be a very 



for moving the rails ahead. The rails are coupled up with two 
bolts in each splice and are pulled forward over the rollers 
in two lines, one on either side of the train. On the sleeper cars 
the lower tiers of sleepers are laid lengthwise the car and 
clear of the rollers, so that there are open spaces for the 
rails to pass underneath the sleepers that are piled crosswise. 
On the machine car each line of rails passes between two 
sets of steam-driven friction rolls, which drive them forward 
and also pull the whole string of rails behind. As each 
string of rails is fed forward to the machine car, rails are 
coupled on behind at the rail cars at the rear of the train. 

The sleepers are carried forward on the two lines of rails. 
At the front end of the first sleeper pile back from the 
machine car, the ties are rolled down and laid across the rails 
roughly spaced at the same intervals as they are laid in thi' 
track. As the rails move forward they therefore convey all 
the ties necessary to lay j^ier^-^^jiheijin^^^^lillustra- 
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tion shows the machine car, with the rails and lies as they 
appear when moving forward over the train. As the sleepers 
arrive at the machine car they are caught on an endless 
chain and conveyed up an incline over the top chords of the 
cantilever extension, and as they arrive at the front end of 
this they slide down an incline and fall upon the road-bed 
crosswise the alignment of the track. In this manner they 
drop approximately to place, and it is only necessary for two 
men to square them around and properly space them. In this 
way the roadbed is constantly supplied with sleepers in 
advance of the laying of the rails. 

The trusses of the cantilever of the machine car stand 
8ft. clear of the roadbed, or high enough to allow free action 
of the spikers underneath. Attached to the bottom chord of 
each truss there is a channel, in which are power rollers for 
moving the rails forward. As the rails arrive at the front 
of the machine car they are uncoupled, one at a time, by tak- 
ing out the rear bolt at each joint, leaving a pair of fish- 
plates loosely coupled to the rear end of each rail. A rail on 
each side is then sent forward under the overhang to a [>oint 
about 2oft. ahead of the machine car, where it is grasped 
by a pair of hoisting tongs and lowered by one man on to 
the sleepers below, as seen in the line drawing. In dropping 
the rail to couple on at the end of the last one laid, it is 
lowered to within about 2ins. of the rail already laid, and when 
the car has moved it nearly to place the heeler swings it 
ahead ij or 2ft., so that the rail is dropped an instant before 
the car has moved far enough to place it there if it was dropped 
vertically. The operations are so gauged that the rail is set 
down just about a foot in advance of the last rail laid and 
spiked. The rail is then pulled back by the track layers, and 
quickly coupled on. To facilitate the work of getting the 
fish-plates home, use is made of a U-shaped clamp worked 
by a lever and eccentric. This tool quickly forces the fish- 
plates to a fit and brings the ends of the rails into line before 
the bolt is tightened. Meanwhile the quarters and centres 
of the rails are spiked and everything is then ready for coup- 
ling on another pair of rails. The length of the overhang is 
such that the rails for the two sides of the track can be set 
down in pairs when laying with either square or broken 
joints. 

The train moves gradually forward at the rate of 20 to 
30ft. a minute, and with experienced track layers it is not 
necessary to stop. With inexperienced men a brief pause 
is made each time a pair of rails is disconnected. The 
machinery is so geared that the material is moved forward 
over the cars at exactly the same speed that the train moves 
over the track. The rollers on the overhang are driven about 
five times as fast as the main feed rollers, so that there is 
no trouble in keeping the front end of the machine car cleared 
for action. When track is being laid on curves the incline 
at the front of the cantilever is swung laterally enough to 
land the sleepers on line. 

The machine, which is owned and operated by the Hurley 
Track-Laying Machine Co., Syracuse, N.Y., has recently 
been used on the Chicago, Cincinnati and Louisville R.R., 
and on the Pittsburg extension of the Wabash R.R. With 
a force of 60 men the machine will lay and quarter-spike 



20,oooft. of track in a day. The company is now engaged 
on the construction of new machines which are designed 
with certain improvements intended to reduce somewhat the 
number of labourers required with the present outfit. — 
Railway and Engineering Review, 



The High-Speed Vacuum Automatic Brake. 

In our October issue we announced that the Vacuum Brake 
Company, Ltd., were prepared to supply high-speed brakes, 
and we are now able, by the courtesy of that Company, to 
illustrate in detail the arrangement of the fittings, which, it 
will be seen, is very simple and does not require any extensive 
alterations to existing brake arrangements. 

The New Patent High-Speed Brake has been working on 
express trains for more than twelve months, and has given 
complete satisfaction. 

Stops made with it are at least 25 % better than are made 
with the ordinary brake. 

It is the invention of Messrs. Gresham and Craven, Ltd., 
of Salford, Manchester, who are the sole manufacturers for 
the Vacuum Brake Company, Ltd. 

As its name implies, the High-Speed Vacuum Automatic 
Brake is intended for use on express passenger trains, which 
now attain very high speeds and are generally composed of a 
number of heavy vehicles. 

When trains are travelling at a high rate of speed the 
pressure of the brake blocks on the wheels may be from 100 
to 120% of the pressure between the wheels and the rails 
at the time of the initial application, but the brake block pres- 
sure must be eased ofif automatically as the speed of the train 
decreases. 

To attain this result the Vacuum Brake Company have 
adopted the arrangement illustrated by fig. i, which shows 
the complete apparatus (including the rapid-acting valve) for 
a carriage, the details of which are as follows : — 

TTie cylinder, fig, 2, does not differ materially from the 
** C ** pattern now in general use. The piston is packed by 
the well-known rolling ring. 

In place of the ordinary ball-valve the new High-Speed 
Ball Valve is bolted on to the bottom of the cylinder. Fig 3 
is a sectional view of this valve in the '* running *' position. 
The passage a is in communication with the bottom of the 
cylinder and the train pipe; the passage b is connected with 
top of the cylinder and vacuum chamber. The underside of 
the diaphragm i is in connection with the atmosphere through 
the holes c. 

When the brake is applied air enters the passage a on its 
way to the underside or brake cylinder, and also finds its way 
into the vacuum chamber through the annular passage d and 
the holes e and / as indicated by the arrows. 

When the vacuum in the vacuum chamber and on the top 
side of the diaphragm has been reduced to a predetermined 
amount the spring asserts its power, and causes the hollow 
spindle g to descend. This movement allows the ball to seat 
on its fixed seating and prevents any further reduction of 
vacuum in the chamber and space above the piston. Fig. 4 
shows valve in this latter position. ^^"^ t 
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The period of leakage is governed by the size of holes 
e and / in the hollow spindle g^ and the spring working in 
conjunction with the diaphragm 1 arrests this leakage at any 
desired amount. 

It will be seen, therefore, that when an emergency appli- 
cation of the brake is made full power will be exerted by the 



The normal or ** running *' position is shown by fig. 5. A 
vacuum is maintained on the underside of the valve a and the 
top side of the diaphragm h\ the atmospheric pressure being 
free to act on the top side of the valve a and the underside of 
the diaphragm b, but on account of an excess of pressure the 
valve a is held tight upon its seating. 



^g 




ay En^neer^ 



Reservoir. 

cylinder and that this power will be gradually reduced as the 
train comes to rest. 

In case of emergency an instantaneous application of the 
brakes on a train is obtained by means of the Rapid-Acting 
Valves illustrated by fig. 5. This valve is mounted directly 
on the train pipe and connected to the cylinders, vid the Ball 
Valve, figs. 3 and 4, as shown in fig. i. 

lazaaizzzzzzBx 
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Redodng Valve. 




Fig. 2. — Cylinder for High-Speed Vacaum Automatic Brake. 



When a ** rapid " action of the brake is required air is 
suddenly admitted to the train pipe, and thus to the underside 
of the valve a; the pressure acting on the underside of the 
diaphragm h is then sufficient to cause it to lift the valve a, and 
allow air to pass full-bore both to the brake cylinder and to 
the train pipe. See fig. 6. Immediately the brake is ** full 
on '* the valve falls to its normal position by gravity. 

In graduated or ordinary service applications of the brake 
air in moderate quantities is admitted to the train pipe, and 
the area of the annular passage around the peg c is so pro- 
portioned that it will allow the necessary amount of air to 
enter the brake cylinder, and so obtain a simultaneous action 
of the brake on every vehicle throughout the train. 

The clappet d performs three functions : — 

1. It prevents dust accumulating in the valve casing, 
keeping it perfectly clean, as it always rests on its seat, as 
shown by fig. 5, except during an emergency application. 

2. In case of leakage either in the diaphragm or seating 
the clappet can be shut down by means of the lever e and thus 
an air-tight brake is ensured until such time as the valve can 
be attended to. 

3. It allows of the brake being used either as a ** rapid- 
acting " or an ** ordinary '* vacuum automatic brake. In 
the former case the clappet valve d is free to work, as shown 
in fig. 6, and in the latter the valve is held upon its seat by 
means of the lever. 

With the High-Speed Brake a vacuum of from 24 to 25 
inches is maintained by the use of the improved 40m /m Com- 
bination Ejector illustrated by fig. 7, which can, however, be 
adjusted to work at 20 inches when desired. It is the new 
standard which the Vacuum Brake Cotfnpapx is^inlrpd^cing 
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Fig. 3.— -High-Speed Ball Valve in Running Position. 




Fig. 5 



Rapid Acting Valve. 



Fig. 6. 



Fig. 4.— High-Speed Ball Valve in "on position." 
and it has several points of improvement as compare 
the older pattern. 

As the steam and air passages in it are absolutely i 
from each other there is no possible chance of water 
its way back into the train pipe. 

The largfe ejector steam disc valve is done away with and 
a valve B of simple construction used in its place; this valve 
only comes into operation when the large ejector is used, and 
is not being worked with every application of the brake as 
was the case with the disc valve; it will therefore last con- 
siderably longer, and having a renewable seating can easily 
be kept in repair at slight cost. 

The main air disc valve A is much smaller in diameter and 
works very smoothly without lubrication. It has also a 
definite step for ** running position.'* 

The cones F and G are modified so as to procure a higher 
vacuum with less consumption of steam. 



Fig. 7.— Combination Injector for High-STCcd Vacuum A^oma^c^&akrry I /> 
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The ejector is fitted with an auxiliary application brake 
I) for use when making graduated vStops with trains fitted 
cither with or without ** rapid-acting " valves. The use of 
this valve also saves wear on the main valve and considerably 
lengthens the life of the appliance. 

The main features of this ejector, which will at once 
appeal to those who have to deal with combination ejectors, 
are the isolation of the steam valve and the arrangements for 
facilitating repairs. It is made in various sizes, right or left- 
hand and with or without the screw stop valve or steam brake 
valve. The Vacuum Brake Co. being the original makers of 
the "Rapid-Acting" and "High-Speed" Automatic Vacuum 
Brake, their duplicate and spare parts may be relied upon 
as being the most suitable for the purpose for which they are 
intended. 



Foup-cylinder Compound Lignite-burning Express 
Looomotives in Bohemia; Austrian State Railways. 

( Continued from page 122.) 

In order to be able to obtain a large grate area with a deep 
fire-box it was necessary to mount the fire-box above the frames, 
and so avoid any limits to the width save those imposed by the 
high driving wheels. To do this the frames are cut away (to 
lower the height of the fire-box), and then reinforced with steel 
bars 150 mim square riveted on them, thus making an approach 
towards the bar frame system. The result is satisfactory with the 
existing system of arranging boilers, although a fire-box of almost 
any width or any depth can be easily located on ordinary frames 
when the boiler is simply reversed. 

The outer box is 3^ m, ox 11 ft. 7 in. 1 >ng. Inside the length 
is 3-22 w. or 330 »». along the grate, and 3 metres along the 
crown. The width is 1*070 /w. At the back the height is 
1*32 w. and 1*85 m. in front. The brick arch is of unusual length, 
viz., i'8o w. The grate, slightly inclined, is in three panels. 

The copper screwed stays of the fire-box are all bored, and 
open on the outside with the hope that any broken ones may be 
detected at once ; a hole in the fire-box lagging corresponds with 
each stay in the three upper rows, in which the stays are about 
5 m 'm. stouter than the rest. 

The fire-box is provided with numerous washout holes and a 
big drain-cock is fitted in the throat plate. A couple of 3 J in. 
Coale safety valves are located over the fire-box in place of the 
Foster valve, which was, in the first locomotive, placed over the 
first ring. 

The boiler materials are of Siemens-Martin mild steel having 
an ultimate tensile strength of 33 klgms, minimum and 38 k/gms. 
maximum per square millimetre with an elongation of 25 % and 
a minimum sectional contraction of 50%. 

The boiler barrel is formed of two ringd only, 18 w/w. thick, 
and each one 2*160 m. long, giving a total length of 4 metres 
long between the tube plates. The smallest inside diameter of 
the largest ring is i nt. 644. 

The working steam pressure is 15 Atm., or 220 lbs. 

The rings are lap jointed circumferentially and the longitudinal 
seams butt jointed. 

For the Bohemian high pressure boilers and for those of the 
Austrian State Rs. the cover plates often have the same width on 



both sides of the joint, the four rows of rivets passing through 
both plates. This makes a strong joint, but one which is not 
always to be recommended because the action of the caulking 
tool on directly-opposite sides of the boiler plate appreciably 
" seams " the plate. 

An exception to this system of strapping the joints is practised 
at Prague for the boilers of six-coupled engines, " class 180," the 
outer strap being quadruple and a broader inner strap being 
sextuple, riveted. 

The boiler contains 329 tubes of mild steel, with an outside 
diameter of 5 1 mjm. ; the fire-box ends of the tubes being of 
copper. 

The smoke-box, of slightly extended form and of 1-644 m, 
diam. inside, is formed of 8 w//». plate reinforced to 131W/W. 
at the bottom. It is not sheathed like the boiler, which has a 
much great apparent diameter, being vSiim, outside its plates 
of I J m/m, metal. 

The boiler centre line is 9 ft. 3^ in. (2*830 w.), and the top of 
the chimney 4*570 m. or 15 ft. from rail level, for the loading- 
gauge of Austro-Hungarian Rs. is the largest in Europe, except- 
ing that of Russia, and it will allow for very considerable future 
enlargements of the locomotives. 

In Austria the proportions of the chimneys are very carefully 
studied with the object of obtaining the maximum efiect of the 
blast, the straight piece of pipe on American engines, and which 
would work either way, vertically or out of centre with the blast 
pipe, does not find favour in Central Europe. 

The inside diameters of the chimney, in this case, vary from 
426 m/m. to 4S0 m/m. in a height of g 10 m/m. It has a 
petticoat extension inside the smoke-box, 635 m/m. wide at its 
lowest part and slightly cut away on the side towards the tubes. 

The " front-end " is fitted with a spark arrester and the blast 
nozzles reach a little beyond this netting, or above the line of the 
top row of tubes. The smoke-box is closed by the double-folding 
flat doors commonly employed in Austro-Hungary, and which 
when opened uncover the tubes only to the level of the top row, 
and as one half can be opened at a time a minimum area of tube 
plate is exposed whenever it is necessary to open the front while 
the engine is in steam, whereas the round door exposes the whole 
of the tul>e plate from top to bottom. 

The cab has a height of 2 880 m. and a width of 2*736 m. 
over all, yet these ample dimensions appear small with the large 
fire-box end. Boards 150 m/m. high on either side bring up the 
foot-level to the foundation-ring, and steps are fixed to the boiler- 
head for reaching the top of the boiler or for trimming the 
cab-lamp. 

The sides of the cab are curved around at the back of the foot- 
plate and the waist-rail serves as half-standmg seat for the driver. 

The cab is constructed of the thinnest plate (2 J m/m. for the 
cab rooQ in order to reduce weight; and the stanchions are 
hollow. The driver's operating handles and levers are grouped 
with especial care to save space. 

The bracket for the screw reversing gear bolted to the right- 
hand side of the fire-box is scaled up to 80 % of the cut-off in 
fon^^ard gear. Close to it on the left is a pivoted loop handle 
acting directly on the ouside rod of the regulator. This rod, it 
will be seen, connects to an arm working a shaft which passes 

through a stuffing box in the boiler barrel.- TbevOP»osite/end of 
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the shaft is carried in a bearing riveted inside the boiler and 
an arm in its midlength connects by link with a flat valve covering 
a V-port in the steam pipe. 

There are no fittings which distinguish this engine from 
an ordinary two-cylinder single-expansion locomotive. 

In order to work the engine as a four-cylinder single expansion 
engine the reversing gear is set fully forward and the return 
to compound working is effected automatically by reducing the cut- 
off to about 70 %. This device, which consists mainly of live 
steam holes in the valve face, constitutes the Golsdorf system. 

Just by the side of the reversing screw is a row of loop pull- 
handles arranged on a frame, for the variable blast nozzles, for 
the cylinder cocks and for the Holt-Gresham (type R) sander. 

The sand box is concealed below the running board and the 
vertical spindle for operating the steam sander valve is visible in 
the photograph. 

The handles and gauges for the "rapid acting" automatic 
vacuum brake are located a little above, but in close proximity. 

Below the reversing screw, with its dial turned upwards at an 
angle, is the Hausshalter tachometer and speed recorder. 

The boiler is fed with two Friedmann Class S.T. No. 9 
injectors, and it supplies an apparatus for steam train-heating in 
winter time. 

The cab ventilator is worth noting. It consists of a box with 
an inclined and pivoted vane therein, which can be adjusted 
more or less closely to the orifice at the back, so producing a keen 
or diffused draft according as may be desired. As the back end 
of the cab roof is closed in by a plate 300 mint, deep the warm air 
collecting therein can be rapidly evacuated when the engine is 
running, by means of the ventilator. 

Provision is made for the relief of excess steam pressure and 
for air suction in the cylinders by combined valves, placed one in 
the front of each receiver. The lubrication of the cylinders and 
valves is effected by a Friedmann oil force pump. 

The buffer brackets are of the open Continental pattern. Their 
manufacture is very simple. A flat forging in the shape of a cross 
with a hole in the middle is placed in a press and then comes out 
of the die duly flanged and bent to the conical form required for 
the volute buffer- spring. 

The tenders still used with these engines are improved six- 
wheelers, with side-filling water-traps close to the footplate, so 
that the fireman is able to manoeuvre the water crane from the 
foot-plate. 

But there are other eight-wheeled bogie tenders of a novel 
form, with lozenge-section water tanks, having a capacity of 21 
cubic metres (21 tons, or 4,700 galls.), and surmounted at the 
front end by rectangular coal bunkers. These tenders, built by a 
well known firm at Prague, are, however, too long to be turned 
simultaneously with the new locomotives on the existing 16 
metre turntables at Nusle, and will not be regulariy employed 
until the new 18-metre turn-tables have been provided at the 
terminals. There are no gates between the engine and tender, 
and even the chain guard, obligatory in France and Italy, is not 

employed. 

The thorough cleaning of these four cylinder engines requires 
about 15 hours, and is generally performed only twice a week, 
according as the service of the engines permits. 

The Bohemian brown coal which is loaded on to the 



tenders of the engines at the Nusle depot, near Prague, 
is of various qualities ; the best, a good lignite, costs at the 
pit's mouth 5 J kronen per ton, but another costs only 2 kronen 
70 hellers per ton (say 27d.). 

This latter pooriy-fossilized wood is that which is supplied to 
the new engines and which would be unfit for the other express 
locomotives without admixture with a black coal. This mixing is 
often an advantage to the ordinary coal for it serves to prevent the 
strong clinkering tendencies of the "Ostzau Buschtechraider " 
mineral which costs 13 kronen per ton at the pit ; and i klgm, of 
a mixture of half good black and good brown coals generates on 
an average, and with a clean grate, 5 klgms, of steam. 

Engines burning black coal have a red band painted around 
the base of the chimney, and drivers of such are fined if the 
engines are detected smoking in stations. The use of poor brown 
coal has already effected a saving of 600 kronen per day at the 
150 engine depot of Nusle. 

The calorific value of this hgnite may be roughly estimated at 
3,000 calorics per >^/^w.,and its evaporative value 3 klpns. of steam. 

From this it is apparent that use of an inferior fuel may 
often be a means of effecting desirable economies when locomotives 
can be built to use it with good efficiency. 

The principal desideratum is an abnormally lai^ge boiler which 
represents a great storage of potential energy in the form of hot 
water. The importance of this is striking with the Bohemian 
locomotives, for sometimes while on the road the fire-door is 
thrown open and the grate is seen covered with the burnt out 
embers of a thin fire and so dead black that it is not possible to 
see beneath the brick arch. At such moments the steam pressure 
will have fallen from 15 klgms, to 11 yt/^fwj.,and the load behind the 
tender will be 280 tons. How the fireman succeeds in re-making 
his fire completely, and the locomotive maintaining steam in the 
interval until it is once more incandescent, seems to have only one 
explanation, and that is the large grate area and the great capacity 
of the boiler. 

The work of firing on these large engines does not appear to 
be particularly exhausting since the coals are assisted forward by 
the inclination of the grate, but the filling of the comers of the 
box apparently requires more effort. Nevertheless towards 
the end of a run the fireman (like all Central Europe firemen) 
loses energy and then lights up a long pipe having a heavy china 
bowl, and this swings rythmically like a pendulum in the mouth 
between the filling and unloading of his shovel. The coal is very 
light, but it burns quickly and it generally requires about twelve 
rounds from the shovel every three minutes to maintain the fire. 

The door is opened by means of a wooden handle fixed to the 
hinge pin and the fireman is generally aided in this by the driver, 
who opens the door for his companion. 

The light brown smoke occasionally emitted is insignificant, 
and yet the cleanliness with such coal is less than with the older 
black coal burning locomotives of the Vienna-Gmiind division, 
and which are fully equal to English engines as regards cleanli- 
ness. The interior of the cab, and also the boiler end, are painted 
a buff colour, which, however, shows up the brown dust arising 
from the coal. The hose for spraying the coal on the tender and 
footplate during the hot weather is provided on these engines, but 
the fireman prefers to wash the floor by means-of a small bucket 



of water. 
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These engines are specially designed for free steaming at high 
speeds with a minimum of back pressure in the various passages. 
As already said the ratio of the cylinder expansions is i to 3, 
and the receiver capacity is very large, viz., four times the volume 
of one high pressure cylinder, while the clearance volumes allowed 
in per cent, of the volume swept through the cylinders at each 
stroke are 14 for the high pressure and 10 for the low pressure. 
The drivers generally find it best to work the engines with a late 
cut ofT and to throttle with the regulator, the result being less 
back pressure in the exhaust ports and a saving of water. 

The water evaporated in the Gmiind to Praja direction 
— aoo kiioms,, with 70 kiloms, of gradient at 10 and 11 per 
thousand, with a load of 250 tons, and speed on the inclines of 40 
miles per hour — is 20 to 2 1 cubic metres. 

In starting a train the admission given to the cylinders is 85% 
for a second or two ; and then to 50 or 60% when on the up 
grade, and to 40% and 45% on the level, the regulator being 
opened ^ to 14 or H on a slightly falling gradient. 

The loads hauled are never particularly heavy on this 
line, and the speed is more usually 56 miles per hour 
than less ; and if 57 miles per hour is reached the 
speed is at once controlled by brake. But with the numerous 
inclines of i in 100, and a ceaseless senes of sharp, simple and 
reverse curves, slackenings for these and for stations, this single 
line is not at all suited for fast running ; and the engine is no 
easier in its riding over such a track than is usually the case with 
other " Atlantic " type locomotives. 

None the less the speed of 56 miles per hour is frequently noted, 
whilst the grate is covered with nothing but burnt-out chips of 
coal, and the pressure has sunk to 13 klgms,^ and is still continu- 
ing to fall to 12;^ klgms,, and yet lower the next lime that the 
fire door is opened upon a bed of still unlighted fuel, while the 
water in the gauge glass has dropped to the bottom of the tube, 
just when a subsequent station stop enables the fire to pick up 
again and the steam pressure to return to 14 and 14^ klgms,^ 
even while the engine is starting on its next trip ; and the water 
is, once more, renewed until it reaches the top of the glass in 
order to keep the valves from blowing off. To an} one used only 
to black coal in small boilers the manner in which these engines 
steam when the fire is apparently dead out, and the way the fire 
lights up again, is really surprising and worth going so far to see. 



Reoent Patents relating to Railways. 
These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C., 
from whom copies of the specifications can be obtained at an 
uniform price of ^d, each. 

Brakes (Automatic). 4.604. 24th February, 1904. The 
Consolidated Engifieerittg Co., Ltd,, and H, E, Broivti, Gotha lion 
WorkSy Slough, Bucks. 

This invention relates to a driver's brake valve in which the open- 
ing is effected in two distinct stages, the first stage being one in 
which the opening is limited in a degree capable of variation and 
adjustment, and the second effecting the full opening of the valve. 
In carrying out the invention a cock a is provided with a graduated 
arm « which moves over a sector j, and is fitted with a sliding 
stop piece o having an inclined or curved surface p which is 
adapted to be brought in contact with n^ when the valve is opened. 



The sliding stop is adjusted upon the arm ;w to a position corres- 
ponding to the number of vehicles composing the train, and owing 
to the inclination of its surface its position controls the extent to 
which the cock or valve can be opened for the first stage. The 
sector j is frictionally mounted upon the cock a and, when it is 
required to make an emergency stop, the valve handle has extra 
pressure applied to it sufficient to cause the sector to be itself 
moved, thus enabling the cock or valve to be fully opened. Or, 
in lieu of the adjustable stop upon the cock or valve arm,the stop 



21 ^^ 




may be adjustable upon the sector. (^Accepted 2nd February, 

Axle Boxes (Wagon). 17^739- ^^^^ August, 1904, 
A, J. Smith, 18, Plasnewydd Place ; T, Thomas, 18, Pitman 
Street ; and F S. Richards, 28, Talworth Street, all of Cardiff, 
The axle-box, which is adapted to contain oil, is made as usual 
in two sections that are bolted together. Instead of having a 
packed joint between these two sections the lower box a is cast 
in one, with a dish-shaped top b having a central hole c for the 
passage of the horse-hair pad. The dish-shaped top prevents the 
oil from running out of the lower section when the wagon is 
tipped, and it also retains any grease, if such be used, that runs 
through from the top box, and holes may be provided on the sides of 
the box to allow of its escape. The top box is of the usual con- 
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struction, except that its front side is a sliding plate that is in- 
serted from the bottom, so that it cannot be removed when the 
top box is placed on the bottom, but it has a limited slide to 
enable the brass to be exposed. The brass is slid into place from 
the open side, and can easily be removed on opening the slide and 
relieving it of the weight. This slide also retains in place the oil 
tank, which is also inserted through the open side, but it cannot 
when in place be opened sufficiently to allow the oil tank to he 
removed. The oil tank is provided on its under surface with a 
channel to receive the usual distributing wick, and the syphon 
wick passes up out of the top of the oil tank 1 " 
*^ Digitized by 
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inclined hole through the tank to the distributing wick. The oil 
tank is filled through a screw cap that is exposed by opening the 
usual cover on the front of the top box. {Accepted 23rd February, 
^905) 

Buffers and Draw Gear. 28,798. 2gth December, 1Q04, 
{Date claimed under Internationa/ Convention, 8th January, 
1904.) G. Westinghouse, Westingkouse Bui/din^^, Pittsburg, 
Pennsylvania, U.S.A. 

This invention has reference to spring and friction devices for 
draw gear and buffing apparatus, and provides a combined spring 
and frictional arrangement in which the main resistance spring 
itself acts as a casing for holding the enclosed friction parts 
against transverse movement. A helical resistance spring 20, 
preferably of rectangular cross section, is provided, and within 



Wagons. 7,703. jist March, 1904. IV. T. Durrani, The 
Onvell Works, Ipswich, and F. Saward, Brantfeli, Tuddcnham 
Road. Ipsivich. 

This invention provides folding extensions, or flaps, for raising 
the sides and ends of wagons when light and bulky goods are 
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the cylindrical space at each end of the coil of the spring are 
located friction segn:ents 21, having flanges 22, extending out- 
wardly over the ends of the coil, and inclined or conical surfaces 
23 engaging a corresponding inclined surface of the central 
wedge blocks 24, the whole device being located between the fol- 
lowers 25 and 26 of the draw bar 27 and strap 28. The inner 
adjacent ends of the two sets of segments are notched, as 
indicated at 29, and are alternately spaced so as to overlap each 
other and allow for longitudinal movement of the segments as 
the spring is compressed when the apparatus is subjected to draft 
or buffing strains. Between the outer faces of the segments and 
the inner cylindrical surface of the helical spring is located the 
split sleeve 30. {Accepted 2nd February, ipoj.) 



being carried. The flaps, a^, b^, c^, are hinged to the tops of the 
sides and ends of the wagon so that they can be folded dovm out 
of the way when not in use or raised when required. They are 
secured in the raised position by fastenings e, /. {Accepted 
2nd February, igoj.) 

Hopper Gear for W^agons. 7^728. 31st March, 1904. 
G. E, Holland, Captain R.N., Kensington Palace Mansions, 
London. 

This invention provides a detachable hopper gear by means of 
wh'ch square-ended vehicles can be converted at will into hopper 
vehicles. For this purpose a false end and part false bottom 
hinged together with their angle towards the end of the wagon 
are provided at each end of the vehicle, the inner end of the part 
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false bottom being pivoted transversely of the wagon,so that when 
the upper end of the false end is raised vertically the bottom and 
end together form a sloping end. A suitable elevating gear is 
employed to raise the parts, and stayed by self-adjusting rods ^, 
provided with pawls engaging with racks g. {Accepted 2nd 
February, ipoj.) 

Sand Trap. 3Jpp. 12th February, 1^04. H. E. Gres- 
ham and F. J. Gresham, Craven Iron Works, Salford, Lan- 
caster. 

Relates to sand traps for locomotives or tramway vehicles, from 
which the sand is discharged by compressed air. The trap com- 
prises a sand holding chamber b, fed by a passage a, and separ- 
ated by a lip c from two sand delivery chambers z, which are 
separated one from the other by a partition r, which extends into 
the chamber b. An air chamber p is formed above the chambers 
2 by a plate or cover g and cap n, the cap being adapted to have 
its angular position altered at will, and the admission of air to the 
chamber being by way of a passage through the cap. Compressed 
air enters by a pipe q and passes through a grid / which helps to 
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keep back foreign matter in the air. The air then passes through 
a nozzle s, or orifice >> in the plate 1/ and esqMUids into the chamber 
/. From ihis chamber it passes through nozzles d and plays on 
to the surface of the sand in the chamber ^ so as to lift the sand 
over the lips c into the chambers z. From these chambers the 



permit access. As shown the rails a and the plates d are resting 
solidly upon one another and upon the foundation plate ^, but it 
is evident that if it is desired to raise a rail from any cause this may 
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sand is discharged partly by the action of gravity but mainly by 
the action of the air passing through nozzles/. By employing 
the pailition r, one side of the trap is independent of the other ; 
and one pair of nozzles can if desired be worked without the 
other pair, that is, one nozzle such as / and one nozzle such as d 
can work together x^ithout the other nozzles. By n moving the 
cover ^ access can be readily had to the interior of the trap. 
(Accefftd gth February, igoj.) 

Combined Buflfer and Coupling. p,tfoj. 2yfh April, 
IQ04, A, Paterson^ g, Glossop Terrace^ Cardiff. 
This coupling is applicable to wagons for railways in and about 
yards, also to tubs in mines. It is combined with a central 
buffer, a coupling hook being mounted in one buffer and adapted 
to engage automatically with an inturned lip formed on the 
opposing buffer. The coupling hook is pivotally connected 
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easily be done by rotating the screws or any one of them and 
causmg them to pass through or project from the lower side of 
the plate d and press against the foundation plate with the result 
of raising the plate d and the rails resting upon it and separating 
it from the foundation plate e. Casings or caps ^ protect the 
screws from dust and dirt. {Accepted 2nd February ^ igoy.) 

Trucks and Brakes for Tramway Vehicles, j,.?/^. 
2nd Marchy igo4, E. E. Cook, Falcon Horkr^ Lougkborough^ 
Leicester, 

This invention relates to a four-wheel truck provided with a 
relatively long wheel base, and with each pair of wheels mounted 
in a pivoted frame which also carries the brake gear for the 
wheels. Each frame 19 is pivoted at its inner end to the truck 
at a point between the axle and the centre of the truck, and 
partially supports an electric motor^ The axles are able to 
radiate when the car is entering or leaving a curve or turnout, for 
which purpose they are mounted in compound journal boxes of 
known construction. The brake work is supported from the outer 
end of each frame 19, the brake blocks 32 being carried by links 
33 that are attached to arms 34 on the frame 19. The brake 
blocks 32 of each pair of wheels are also connected together by 
means of a transverse bar 35, that is connected by two links 36 to 
two depending arms 37 of a rotatable transverse shaft 38 mounted 
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towards its inricr end with a drawbar which is fitted behind the 
back p'ate of the buffer with a helical spring. The buffer face 
plate and shank are channelled to take the coupling hook and 
part of the drawbar, which latter is extended into the buffer from 
behind. The face plate and shank of the opposing buffer are 
also channelled to enable the coupling hook to pass into engage- 
ment with the lip. The lip is so curved that the coupling hook 
is always directed to the centre — that is to say, to the line of 
traction, after any departure frcm it in coupling on curves or in 
travelling around curves of the railway track. {Accepted 2jrd 
Febmaryy igoj.) 

Rail Supports. 7,75^. 2jth March, igo4. ^. C Bullough, 
55, Piccadilly, Manchester, 

The rails are supported by screws / which screw into a sole 
plate d and pass through the plate // so as to abut or rest upon 
a foundation plate e. The upper ends of the screws /are shaped 
so that they may be engaged and rotated by a suitable key from 
above the road, the road itself being sufficiently cut away to 
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in bearings in downwardly extending arms 37* at the inner part 
of the frame 19. This transverse shaft 38 has a third depending 
arm 39 that is connected by a h'nk 40 to one arm of a short two- 
armed lever 41, carried by and connected to the lower end of the 
shaft 8. The arrangement is such that when the shaft 8 is turned 
by operation of the brake handle, motion is communicated to the 
transverse shaft 38 which is partly turned on its axis in such wise 
that the links 36 are caused to pull on the transverse bar 35 and 
so bring the blocks 32 into contact with the wheels. The brake 
blocks 32 are normally held in the "off" position by means of 
springs 42 that are connected to the transverse bar 35. {Accepted 
2nd February^ igo^,) 

SPECIFICATIONS PUBLISHED. 



A.D. 1901. 

Railway switches ; Schilhan. 3599. 



Sand traps; Gresham and 



3365. 
Gresham. 4025. Carriage windows ; Williams. 4153. Carriages and rails 
of high speed railways ; Thom. 4604. Controlling mechanism for vacoum 
and fluid pressure brakes ; Consolidated Engineering Co., Ltd., and H. E. 
Brown. 4664. Brakes; Hallnt. 5215. Trucks and brakes for tramway 
and like vehicles ; Cook. 6588. Step treads for vehicles ; Hudson. 7159, 
Rail supports ; BuUongh. 7703. Wagons ; Durrant and Saward. 7728. 
Detachable hopper gear for wagons ; Holland. 8684. Apparatus for replac- 
ine derailed carriages; Fischer. 9207. Locomotive and other furnaces; 
Schleyder. 9427. Sanding gear for electric railways and tramways ; Crosbie 
and Ward. 9565. Electric tramway or railway vehicles ; Ra worth. 9605. 
Combined buffer and coupling for wagons ; Patterson. 12729. Electric rail- 
ways and motor vehicles therefor ; Sayer. 15513, Apparatus for cleaning 
tram lines or permanent ways ; Sexton. 16844. Tramway rail clip : Bidder 
and Railway and General Engineering Co., Ltd. 17739. Axle boxes ; Smith, 
Thomas and Richards. X9482. Electric automatic block signal and safety 
systems ; Finnigan. 19996' Safety coupling ; Kleinke and Schubs. 22942. 
Safety switches and signals for crossings; Lancaster. 23589-90. Brakes ; PfingsL 
24444 Railway and tramway vehicles ; Gibbs. 24675. Electric brakes 
for trains and other vehicles ; Ransford (American Electric Brake Co.). 27928. 
Safety attachment for locomotives ; Turner. 28057. Sleepers and means for 
fixing rails thereto ; Czigler and Rosenberg. 28542. Apparatus for operating 
railroad switches from the cars ; Currier and Murray. 28633. Rail joints ; 
Thompson (Clark), 28778. Lateral motion device for car trucks ; Harber. 
28798. Combined spring and friction devices for buflSng and draw gear ; 
Westinghouse. 28878. Mechanism for controlling air brakes ; Evans-Jackson 
International Air Brake Co.). 29001. Electric railway conduit systems; 
Van Aerschot. 29067. Brakes; Barker. 29470. Apparatus for locking 



signals and noints or switches by means of key-operated locks ? Mackenzie 
(Hepper). 29,534* Rail joint ; Hincs. 29539. Sanding mechanism for 
railway cars ; Shields. 

A.D. 1905. 
135. Apparatus for placing detonators in position or removing them \ 
Zahl. 194. Weighing machines foi rolling stock : A. Spies, G.M.B.H. 



Electrically Operated Carriages ; Metropolitan 
Railway. 

{Continued from /. 113.) 
In our last issue we published complete drawings of the bodies 
of the new carriages which have been built in connection with the 
electrification of the Metropolitan R., and we now publish 
the drawings of the underframes, showing the general arrange- 
ment of the Westinghouse ** quick-acting" brake. 

All the underframes are constructed of steel channels and 
angles which have a tensile strength of from a6 to 31 tons per 
sq. inch, with an elongation of 20% in a length of Sins., and 
which are capable of being bent double, when cold, round a 
bar, the diameter of which is not more than twice the thickness 
of the test piece, without showing any sign of fracture. 

The rivets are of steel, having a tensile strength of from 25 
to 28 tons per sq. inch, with an elongation of 25% in Sins., and 
which will bend double on itself, when cold, without fracture. 

The buffer is a very neat arrangement, consisting of a steel 
plate bent to a U shape, one leg of which slides under the floor 
plate, and the other on a plate attached to the headstock. The 
buffer plate is pressed outwards at each end by springs as shown 
on the drawings. 

The drawings are fully dimensioned, and we do not think it 
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is necessary to give a longer description now as we shall in our 
next issue publish the drawings of the bogies for the motor and 
trailer carriages, together with some further particulars of the 
brake arrangement. 

It will be noticed that the floor plates entirely cover the under- 
frame and efficiently brace all the members together. 

We are indebted to Mr. A. Ingram, carriage and wagon 
superintendent of the Metropolitan R., for the drawings 
from which our illustrations have been prepared, and under whose 
supervision all these carriages were constructed at the works of 
the Metropolitan Amalgamated Railway Carriage and Wagon 
Co., Ltd., of Saltley, Birmingham. 

{To be cott tinned,) 

Railways and the Board of Trade.— IV.* 

(Continued from page 79.) 
In sending the report to the Company the Assistant Secre- 
tary of the Board of Trade will inform the Secretary of the 
Company that they sanction the opening of the new work, 
adding, if there be any requirements, subject to the carrying 
tiut of the requirements noted. If there be any the Company 
will advise the Board of Trade when they ar^ complied with, 
and this advice is sent on to the inspecting officer, who will, 
if the requirements were numerous or important, suggest that 
a re-inspection be made. 

The foregoing list of requirements is dated August, 1892, 
and when a new edition is issued it will probably contain 
few fresh instructions. 

* Nos. I., II , and III., appeared in the KaiiuHiy Engineer im January, 
February, and March, respectively. 



Some of the existing regulations might with safety be 
omitted, as they are somewtiat prehistoric, whilst others 
might be clearer. 

For instance, there are no instructions given as to what 
plans, etc., are to be sent in when an alteration is made to an 
existing railway. If such instructions were included in a 
future edition it would be as well to specify how much of the 
permanent way has to be shown. The Board of Trade's 
wishes are that sufficient shall be shown so that all the signals 
(except the distant signals) worked from the signal-boxes 
affected can be shown on the plan, to scale. 

Instructions might also be incorporated as to the prepara- 
tion of signal diagrams. 

Requirement 5, as to facing points, will probably be 
amended. The distance allowed has been increased from 180 
yards, as it was in 1892, to 200 yards, and now a greater 
distance is asked for, and this request may lead to a require- 
ment as to the maximum distance point-rod rollers shall be 
apart, and something might be said atx)ut detectors. It 
should also be said that the 300 yards limit for trailing points 
applies to the safety points on goods and mineral lines at the 
junctions of those lines with passenger lines. Some years ago 
there was a question with the Board of Trade as to whether 
facing safety points, run over by trains at a high speed, 
should not be included in the 200 yards restriction. Perhaps 
something may be said about this. 

The words * 'brought close together'* in requirement 6 
might be omitted. Present day readers would imagine that 
the levers working points and the levers working the signals 
applicable to such points should be together. Whereas the 
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phrase has reference to the time when levers were scattered 
about a yard and not concentrated. 

The word "cabin** should also be altered to "signal-box,*' 
as that is the title officially adopted by railway companies in 
their rules and reg^ulations. 

Requirement 9 would be clearer if worded "When a junc- 
tion is situated near to a passeng^er station, the platforms to 
be arrang^ed as far as possible, so that trains standing- at them 
shall be clear of the junction.'* 

Requirement 12, as to the width of platforms (6 ft. for 
sm.'ill traffic and 12 ft. for important stations), should provide 
a minimum width for island platforms. 

As runaway catch-points are sometimes required at other 
places than at "stations or siding: junctions,'* e,^., junctions 
with other lines, intermediate sig-nal-boxes with or without 
cross-over roads, etc., requirement 16 should be made wider 
in its application, and it is sug^gfested that the terms should 
be where "the g^radient at any home sig-nal is necessarily 
steeper." 

The wording: of the requirements (No 29) as to level cross- 
ing's needs larg^e amendment. .As now worded it expresses 
a preference for singfle gates as ag;-ainst double. But as the 



Board of Trade must favour grates that are worked simul- 
taneously from a sig:nal-box, they must naturally prefer 
double grates — four in all — as these are opened altogether, 
whereas two single gates have to be opened one after the 
other, or they overlap. .Again, red discs are not necessar}^ 
where signals are provided, and the requirement when 
amended will no doubt specify for home and distant signals 
in both directions inste.id of "semaphore signals in one or 
both directions." Reference will probably be made to the 
desirability of working gates simultaneously from the box, 
and the omission to mention the control of wicket gates 
should be remedied. 

In the recommendations no doubt the suggestion as to 
raised roof for the brake-vehicle will be omitted. The obser- 
vation as to extended sides may possibly remain, although 
some companies do not provide side look-outs for some of 
their stock. But the height and width to which modern car- 
riages are built has reduced these look-outs to a minimum. 

Future issues of Board of Trade requirements may pos- 
sibly contain some orders as to power-worked and automatic 
signals, but possibly their use is not yet sufficiently extensive 
to allow for standard requirements to be tabulated. 
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Something: ouf^ht, however, to be done as to Lifjht Rail- 
ways and electrically worked lines. 

The only reg^ulations issued as to electrically operated 
roads have reference to the piecautions to be taken against 
the risk of accident by fire on underground electric railways. 
Board of Trade Requirements as to Electrically 

Worked Railways. 

These were issued in May, 1904, and are as follows : — 

Stations and Permanent Way. 

1. Sleepers to be of hard wood, not creosotcd, and to 
be laid in concrete or ballast and covered with a layer of 
gravel or finely broken stone free from dust, the ballast to 
be finished to a level surface so as to form a convenient road- 
way for passengers in case of emergency. If ballast is not 
used, the space between the rails to be covered with grano- 
lithic slabs, or slabs of a similar material, to form as wide a 
roadway as possible for passengers. No timber planks to be 
used. 

2. Tunnels to be provided with lights capable of being 
turned on from the stations at either end of the section, and, 
if necessary, at some intermediate points. The lighting cir- 
cuits to be independent of the traction supply. 

3. Separate entrances to, and exits from, each platform 
of the stations to be provided and to be situated as nearly as 
possible in the middle of the platforms. 
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4. All stairways, passages and exits from the stations 
to be conspicuously lighted. Not less than 25 per cent, of the 
lights in these places to be supplied from independent source. 
If necessary, the exits to be made more conspicuous by the 
use of coloured lights in addition to white lights. 

5. Platforms are not to be 
made of wood, and woodwork 
to be eliminated as far as pos- 
sible from signal-boxes, lifts, 
offices, etc., below ground. 

6. Efficient hydrants, hose 
and fire prevention appliances 
to be provided. 

7. Ventilating ways to be 
provided, wherever possible, 
from the stations and tunnels 
to the surface. 

Equipment, 

8. Cars to be constructed 
of metal; woodwork to be 
reduced to a minimum and to 
be non-inflammable. Hard 
wood to be used in preference 
to soft. Interior fittings, 
panels, seats, etc., to be of in- 
combustible material. 

g. Xo main electric cable 
to be carried through the train, 
and motors to be placed on the 
front and rear carriages only. 
No motor to be situated in the 
middle of the train. 

10. Means to be provided at both ends of every train to 
enable passengers to alight from the cars in case of emer- 
gency. Oil lamps to be carried in every train. 

11. India-rubber or other inflammable insulating 
materials to be avoided as much as possible and the outer 
covering of cables to be uninflammnble material that will not 
give off smoke. 
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12. Means to be provided for enabling the driver at any 
part of the tunnel to put himself into telephonic communica- 
tion with the adjacent stations. 

In addition y the Board of Trade have arranged with the 
London County Council that at the Board of Trade inspections 
of any underground electrical railways the Railway Company 
shall produce an expression of opinion from the Chief Officer 
of the Council's Fire Brigade as to the efficiency of the pro- 
vision made against fire. 

The minimum requirements agreed to between the Board 
of Trade and the Council are : — 

1. A hydrant of the Fire Brigade pattern is to be fitted 
at each end of each platform, and such hydrant is to be pro- 
vided with sufficient hose and | in. nozzle to reach the whole 
length of the platform and of the longest train in use on 
that particular line. 

2. At least six buckets of water and six of sand to be 
available on each of the several platforms. 

3. .An extincteur is to be supplied to each carriage and 
to each lift. 

It is also recommended that provision should be made 
for 

4. Some experienced person to be responsible to the 
owners of the railways to periodically inspect and report to the 
companies on the fire appliances and to test the extincteurs, 
and the owners are to be responsible for the good order of all 
such appliances and for seeing that the railway staff is sta- 
tioned and drilled. 

5. All waste and dirt are to be removed at least daily. 

(1. It must be clearly understood that unless overcrowding 
in the lifts and carriages is prevented and the gangways of 
the latter kept clear, the extincteurs in the lifts and carriages 
will probably prove to be useless in case of fire. 

7. It should be borne in mind that in the event of fire 
obtaining any hold in a tube railway, the Council's F'ire 
Brigade could be practically of no avail, and therefore the 
railway authorities must rely on their own resources. 

The Board of Trade are recognised by railway companies 
as the authority on railway working. Their advice is always 
sought before any new system of working is introduced or 
any existing system altered. Their sanction is obtained be- 
fore any modification is made to block-working, and any new 
form of signalling is submitted to them. They take an 
interest in all matters affecting the working of trains, and 
their advice is sought about continuous brakes, automatic 
couplers, either-side brakes, fog-signalling, ^tc. 
Relation of the Board of Trade to Railways with 
regard to accidents. 
Reference has already been made, when quoting the Act of 
1 87 1, to those accidents that have to be reported to the Board 
of Trade. 

By the Board of Trade Order of October 31st, 1895, it is 
specified that all fatal accidents, whether to passengers, ser- 
vants of railway companies or other persons, shall be reported 
to them within 24 hours of their occurrence, by telegraph or 
otherwise. Non-fatal accidents to be reported by post as 
early as possible. 

Non-fatal accidents to servants of railway companies to 
be reported whenever they are such as to prevent the servant 
injured, on any one of the three working days next after the 
occurrence of the accident, from being employed for five 
hours on his ordinary work. 

According to the general report to the Board of Trade 

upon the accidents on railways for the year 1903 (Blue Book 

Cd. 2085) the non-fatal accidents to railway servants arc 

in future to be divided into severe and trivial cases. The 



original demand as to reporting cases where the men arc 
absent for five hours still stands, and the Board are to be 
informed of any case where such absence extends to 14 days. 
They also require to be advised of any accident of the fol- 
lowing nature : — 

1. As regards the locomotive power and rolling stock. 

a. The bursting of any boiler. 

b. The failure of a rope used in working an incline. 

c. The failure of a wheel or tyre. 

d. The failure of an axle. 

e. The failure of the hornplate of an engine. 

/. The failure of the axle-guard of any vehicle in a 
passenger train. 

g. The failure of any other part of locomotive engine, 

tenders or vehicles not included in the above, which leads 

to an accident to a passenger train. 

Any return of the failure of a boiler, a tyre, an axle, should 

be accompanied by a diagram with particulars of construction 

and failure and by a description of the nature of the materials 

it is made of and the amount of work it has performed. 

Failures of tyres and axles should be on forms approved by 

the Board of Trade. (See below.) 

2. As regards the permanent way and works. 

h. The fracture of a rail in the permanent way of a 
passenger railway. 

J. The **bursting*' of the permanent way under a 
train on a passenger railway. 

fe. The failure of a bridge, viaduct or large culvert 
or of any part of them. 

/. The failure of a tunnel or any part of it. 
m. The failure of the roof or any important part of a 
station. 

n. Important slips in cuttings or embankments, 
o. The failure of a revetment wall. 
p. The flooding of a portion of the permanent way. 
q. The failure of any portion of the permanent way 
or works not included in the above which leads to an 
accident to a passenger train. 
In any return of the fracture of a rail the form of the 
rail should be stated, the weight per yard, the material it 
was made of, the length of its service, the manner in which 
it was fixed, and, if a double-headed rail, whether it had or 
had not been turned at the time it failed. 

3. Miscellaneous accidents to rolling stock and perma- 
nent way, such as 

f. A train travelling in the wrong direction through 
points on the main line of a passenger railway. 

5. An engine or train running over any horse, beast 
or other obstruction, or through the gate or gates of a 
level crossing on a passenger railway. 

t. Any fire in any part of a train, or at a station, or 
involving injury to any bridge or viaduct on a passenger 
railway. 

(To be continued.) 



The Leitner-Lucas System of Electric Train- 
Lighting. 

The problems involved in modern Electric Train Lighting 
are far more difficult to solve than appears at first sight. Each 
railway coach, or group of coaches, mUvSt possess its own 
miniature continuous current generating station that has to 
be, while at work; independent of all human care, and must 
therefore do its work automatically. This * 'generating 
station*' has to be packed in a small space under the coach; it 
is subjected to jolting, vibration, to dust and grit. 

The work it has to perform is the most arduous imaginable: 
it has to meet the widest fluctuations of load and to sum 
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most irregular demands. The ** prime mover" in this 
**generating station" on wheels — viz., the axle of the coach — 
revolves sometimes in one direction, sometimes in the other, 
sometimes slowly, sometimes very fast, and at times not at 
all. Efficiency too must be studied. Crude methods that in 
the past may have done indifferently well, with constant ad- 
justments, to supply a few lights at a relatively great expendi- 
ture of power, cannot be thought of for modern requirements 
when coaches, as for example on some German express trains, 
are lighted each with over 500 c.p. in 3^ to 4 watt incandescent 
lamps. 

It is with the fullest considerations of all the problems 
that were to be solved and of all the requirements of train 
lighting that the Leitner-Lucas system has been evolved by 
the Accumulator Industries, Ltd., at Woking, and for whom 
Messrs. G. D. Peters and Co., Moorfields, London, are the 
sole selling agents. 

The absolutely automatic and reliable nature of the 
apparatus of this system is being demonstrated in a striking 
manner on some English railways by the test of sealing up 
for three months the commutator cover and oil well of the 
dynamo and the tray in which the accumulator battery is 
carried. 

The Leitner-Lucas Electric Train Lighting System is 
applied to independent single railway coaches or groups of 
coaches. The system consists of a variable speed dynamo 
and automatic switch, and a single battery of accumulators. 
The voltages for which stock equipments are furnished are 
from 16 volts to 48 volts. The usual voltage employed in 
England is 24-25 volts. 

The Dynamo f shown complete and in parts by figs i and 2, 
is usually suspended under the carriage frame and driven from 
one of the carriage axles. 

The dynamo may be driven by belt, chain or gearing. The 
principles on which it has been designed are that it should, in 
conjunction with an accumulator battery, give an output of a 
constancy suitable to the battery within the widest limits of 
speed. Thus machines have been made with a range of from 

■^"^-l|l|l|l|l|l|i|l|l|l 



400 to 3,000 revolutions per minute, and were it not for the 
mechanical difficulties arising from great speeds there is no 
reason why the range should not be as great as from i to 15. 
In practice the dynamos are generally arranged to excite and 
**cut in" at about 500 revolutions per minute; their normal 
speed under working conditions rarely exceeds 1,500 to 1,800 
revolutions. The inventors of this system do not employ any 
mechanical devices such as a slipping belt, slipping clutches, 



Fig. 1. 




Fig. 2. 
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Fig-3- 

A, Battery positive r-f , ; b, Battory negative (—) ; c, Armature of automatic cut-in and cutout switch ; c*, Series coil* of antomatic switch ; c^. Fine wire of auto-natlc switch. These coils are 
short-circuited throujrh senou windings, when generator is cut in, that is, when it charges the batterv. (•^ Relay controlling anto-switch : d, Demagnetizer armature mounted on same 
snalt as o ; d-^, Deniagnetuer series Held ; d^^ Demagnetiier shunt field ; e. Thin iron wire lamp resisUnce to react on generator field circuit by reason of its marked positive temperature 
coeffleient ; r, Carbon lamo resistance (negative temperature coefficient resistance), in series with D^ : o. Generator armature ■ g^. Generator sori ' ' " " " 

Generator shont field, > shows direction of current ; h. Fuse in generator shunt field circuit ; i, Main fuse. 



r series, wound in reverse direction to o* ; o*. 
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automatic speed gears, or any electro-mechanical devices 
which by means of resistances inserted in the ** field'' circuit 
weaken the latter as the speed or output increases, neither 
do they use any separate motor driven boosters or exciters. 

The Leitner-Lucas dynamo is entirely self-regulating in its 
own windings. Referring to diagram, fig. 3, G and D repre- 
sent two armatures mounted on the same shaft. G is the 
main armature and D is a subsidiary and very small armature, 
which may be termed the "demagnetizer." G^ is the shunt 
field of relatively low resistances exciting the field magnets 
of the armature G, and G* is a reverse-compound or negative 
series field winding. G^ and G«, when G is furnishing current, 
are therefore differential. G^ branches out at (2) into two 
paths, viz., D^ and E; D^ continues through D and forms the 
compound series field winding of which D' is the shunt wind- 
ing for the armature D. The second path for the continuation 
of G^ namely E, is a resistance having a marked positive tem- 
perature co-efficient, such as iron wire preferably, in the shape 
as used for Nernst lamp resistances, of which several are put 

in parallel. 

In whichever direction the shaft, carrying armatures G 
and D, may be mechanically revolved— a reversing device 
naturally makes the correct changes of contact— the current 
generated by G has the tendency to drive D in the same 
direction as a high speed motor. When the shaft is revolved 
slowly the back electric motive force of D will be slight, and 
the E.M.F. across (2) and (1) will not be great, and the chok- 
ing effect of E will be slight. Therefore the two paths still re- 
main practically open to the field current passing through G'. 
As, however, the speed increases, the back E.M.F. of D and 
the' E.M.F. across (2) to (i) increase, and therefore less and 
less current can pass through G^. At a certain still higher 
speed the back E.M.F. of D' balances G^. This **choking 
effect" of E is now considerable, and at still increased, and as 
a matter of fact very high speeds, not frequently attained in 
practice, D acts as a reverse compound wound generator 
putting a feeble current through E, and thus still further in- 
creasing the choking effect of E and enfeebling G«. It will 
thus be seen that as the speed increases the generator field G^ 
decreases, and the output of G remains practically constant 
over a great part of the curve which has actually descending 




characteristics to any desired degree after a certain maximum 
speed. 

The reverse-compound winding G* also acts in a regulating 
sense to safeguard against excessive current being generated. 
It should here be noted that a discharge from the battery into 
the dynamo, even if it could occur for longer than momentary 
periods, would not reverse but only confirm the correct 
polarity of the fields, as G^ would then act together with G', 
and the machine would constitute a compound wound motor. 

The shunt field winding D^ for the **demagnetizer" arma- 
ture D passes through the parallel resistances F, which consist 
of 2 to 4 ordinary incandescent lamps. Their function is to 
act on the field D^ by virtue of their negative temperature co- 
efficient, which brings about that any rise of voltage in the 
main circuit increases more than proportionately the field 
D^, and therefore increases the checking or choking back 
effect of D. 

It will be plain that by adjusting E and F the output of the 
dynamo may be adjusted to any desired amperage within the 
limits of the safe carrying capacity of the armature winding 
in G. The less the resistance E the greater the output of the 
machine, and the less the resistance F the less the output of 
the machine. Also by varying the amount of resistance be- 
tween E and F short range output curves and cur\'cs ^vith a 
peak at the average speed of any train, falling off rapidly on 
the higher speeds, can readily be produced. These latter 
advantages or refinements cannot be attained in a variant of 
the Leitner-Lucas dynamo, the somewhat simpler connexions 
of which are represented in fig. 4. In this variant the shunt 
field winding G^ of main generator armature G passes direct 
through the **demagnetizer'* armature D and has no alterna- 
tive path. The main current from G does not pass through a 
reverse comp>ound winding, but going straight to the accumu- 
lator battery, A-B returns and branches out into D^ and E 
and goes back to D and G. D* forms the field winding for the 
**demagnetizer" armature D, which leacts on being revolved 
on G' by means of counter E.M.F. in very much the same 
manner as described above. E. is a stout iron wire. Any rise 
of current in G produces a rise in the magnetic saturation 
(which is low) of the field of which D^ is the winding, and thus 
through D this rise in G is instantly counterbalanced. E 
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havingf a marked positive temperature co-efficient shunts more 
(or less) current throug^h D^ and thus enhances the desired 
effect very g^reatly. By making E of low or of high resistance 
the output of the machine can be fixed at a high or low value 
according to desire without affecting its self-regulating quali- 
ties or its speed range. The series winding G^, which before, 
%• 3» w^s ^ reverse compound winding, is, in fig. 4, in 
series with the lamp circuit in such a manner that, should the 
residual magnetism of the fields have been lost or reversed, 
the mere fact of switching on the lamps will give an initial 
excitation to the fields with the correct polarity. 

As regards the brush and reversing gear, it has been found 
in practice that even with the best carbon brushes a fixed **no 
lead'* position does not give good results. The brushes are 
accordingly mounted on a rocker, which is automatically re- 
volved through the correct angle when the direction of 
rotation of the dynamo is reversed. With such an arrange- 
ment any desired forward lead can be given for either direction 
of rotation. 

The Baftery of Accumulators consists generally of 12 cells 
(for 24-25 volts) and is carried in an enclosed tray under the 
carriage. Fig. 5 shows one of the cells. 

TVie Automatic Switch, — This is shown at C in the diagrams 
figs. 3, 4, and 5. 

When the dynamo has reached the 'requisite voltage, which 
must be greater than that of the battery, then C, which is a small 
H armature having a lever attached to it, establishes the con- 
tacts at 3 by turning through a small angle. A relay C^'which is 
connected in parallel with the fine wire Field coil C^ of the 
automatic switch across the generator terminals, controls the 
action of this switch. 

When the generator voltage is of sufficient value the relay 
attracts its armature, and the Field coil C^ is thus put in series 
with the djrnamo and battery ; if, however, the E.M.F. of the 
latter be greater than that of the dynamo the effect is to hold the 
switch open. 

When the E.M.F. of the dynamo is the. greater the switch is 
closed by the reversal of the current in C^. 

It will be noted that this allows the heavy wire Field coil C^ to 
short-circuit C^ and C^ continues to hold the switch " in '* until 
the dynamo no longer sends the current through the battery. 

The relay continues to hold up when the switch opens, and is 
forcibly held in that position until the voltage of the dynamo 
falls low enough for the relay armature to drop. 

To accomplish this the voltage has to drop to about one- 
fourth of the cutting-in voltage of the H armature, C and to one 
half of the ** on " position of the relay C^. 

Although at this stage the contact lever is not forcibly held 
off by current it remains in the "off" position until C^ C^ and 
C are again energised. 

The automatic switch is differential and depends for its action 
upon the difference between the voltage of the dynamo and that 
of the battery ; the purpose of the relay is to cut out the switch 
when the dynamo is at rest, and thus prevent waste of energy. 

Accumulators, — The necessity for a battery of accumula- 
tors is a two-fold one, first, to keep the lights going when a 
train is stationary or running very slowly, or when the dynamo 
is for any other cause out of action; secondly, to provide an 



approximately steady load for the dynamo, which is not de- 
signed as a constant voltage open circuit machine. The prac- 
tice that has been frequently adopted, of employing two 
batteries, sometimes coupled in parallel, is bad in theory, and 
entails the necessity of handling and maintaining double the 
number of cells; accordingly this practice has never been em- 
ployed in the Leitner-Lucas system. Paying regard to the 
extremely arduous nature of the work required from a train 
lighting battery, a special type has been designed, wherein 
**improved cellular** Plants positive and pasted negative 
plates are used. These cells, which are made to the designs 
of Mr. Henry Leitner by the Accumulators Industries, Ltd., at 
Woking, are illustrated by fig. 5. 

The containers are of lead-lined dove-tailed teak boxes, 
with rubber flanged lids bolted down. The quantity of electro- 
lyte is calculated on a scale to do away with the necessity of 
too frequent ** topping up,** and devices for readily determin- 
ing its level and specific gravity have also been adopted. It 
is claimed that this type of accumulator is to be preferred for 
practical reasons to any form of ** light** cell in ebonite con- 
tainers. 

As no system of electric train lighting has been or is likely 
to be devised without the use of accumulators, and as any 
defect in the latter militates completely against the proper 
working of the system from the travelling public's point of 
view, too much care and thought cannot be bestowed on the 
design and construction of the battery. 

The Regulator. — This apparatus forms a useful adjunct 
to the Leitner-Lucas system of train lighting, though it is 
not part of or essential to the dynamo. The object of it is to 
counteract the rising and falling voltages of the accumulator 
battery when on charge or discharge respectively, so as to 
keep the lamp voltage constant independently of the number 
of lamps that may at any time be in circuit. An additional 
function of the regulator consists in rendering the dynamo 
nearly or quite inoperative (which determines its being cut 
off automatically from the accumulators) when the latter are 
fully charged, that is, have reached the predetermined maxi- 
mum voltage of 2*8 volts per cell on charge. By the use of 
this apparatus a more efficient and uniform light is obtained, 
and a saving is effected in the expense for lamp renewals, 
especially where the conditions of service include a great deal 
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of **daylight running:" with lamps out. The needless, if not 
harmful, excessive overcharging: of the battery is prevented, 
which results in a saving- of energy, less wear and tear of 
dynamo and accumulator plates, and above all in far less 
evaporation or rather **gassing away'' of the electrolyte, and 
its attendant cost for upkeep of cells. 

The regulator is shown diagrammatically by fig. 6. M is 
a solenoid acting as a contact voltmeter, energizing either of 
the relays R and R^, through contacts Q or QK These relays 
in their turn cause a miniature motor, of which O is the series 
field winding ond O^ the armature, to rotate either in one 
direction or the other; this rotation moves an arm over the 
rheostat T, which is in series with the lamp circuit. At one 
end of the travel of T the shunt field G^ of armature G is 
either completely broken or much increased in resistance, so 
that the cut-out C disconnects the dynamo from the accumu- 
lator battery. The contact voltmeter, also termed ** voltage 
balance," acts on a lower or higher voltage scale by means of 
the addition or omission of resistance X in series with it, and 
according to whether lamps are on or off, and whether the 
dynamo is charging or not. The Lucas-Leitner system is now 
in use upon the L. and Xorth-Western, the (ireat Western, 
the Great Central, and other railways. 



Official Reports. 
Behueen Llanelly and Loughor, G.W.R., on 3rd 

October, Liertt.-Col, H. A. Yorke, R.E., reports thai: 

The 10.35 a.m. passenger train (2 engines and 9 coaches) 
from New Milford was suddenly derailed at 2 miles 1,095 
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yards east of Llanelly. The leading engine was overturned, 
and the front portion of the train completely wrecked. 

The driver and fireman of the leading engine and 3 pas- 
sengers were killed and 94 passengers were injured. 

The tank engine (leading) and the tender of the train 
engine were overturned, and both the engines and the tender 
were damaged, but not so seriously as might have been ex- 
pected. The first carriage was entirely wrecked, the steel 
underframe being broken up and separated from the body, 
which was lying at the foot of the embankment outside the 
down line; the second had its steel underframe bent and 
buckled, and the side of body smashed; the third had three 
compartments at one end smashed in; the fourth had one end 
broken in; the fifth and sixth were slightly injured; while the 
seventh, eighth and ninth were practically undamaged. 

The permanent way of the up line was disturbed or torn 
up for a length of 105 yards, of which 67^ yards were com- 
pletely destroyed. The down line was pushed out of place 
and partly destroyed for a length of 70 yards (see fig. l); 
18 rails of the up line were bent, and one was broken; 4 rails 
of the down line were bent; yz slejp?rs and 100 chairs were 
broken, and 30 sleepers were slightly damaged. 

The line is on an embankment about 6 ft. high, which 
rests on a bed of clay 6 ft. thick. 

The permanent way, which was laid in 1887, consists of 
bull-headed steel rails, weighing originally 86 lbs. per yard 
and which now weigh 81 '93 lbs., chairs weighing 46 lbs. 
each (present weight 45 lbs.), and creosoted sleepers of the 
usual dimensions, there being 12 sleepers to a 32-ft. rail. 
The chairs are each fastened to the sleepers by two fang 
bolts, which pass right through the timbers. The road is 
well ballasted, and the space between the up and down lines, 
usually called the 6-foot way, is 1 1 ft. 2 ins. 

In the summer of 1902 a certain number of the sleepers 
which were found to be defective were taken out and renewed, 



and shortly afterwards the old fish plates, which J¥ei 
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about 28 lbs. per pair, were removed, and new plates weigfh- 
ing 32^ lbs, per pair were put in their place. 

The leading- eng^ine (see fig. 2) was a six-wheels-coupled 
saddle tank engfine, with a maximum weight, when full, of 
47 tons 18 cwt., made up as follows, according to the in- 
formation supplied from Swindon : — 

Weight of engine empty ... 37 tons 12 cwt. o qrs. 
1,080 gallons water in tank 4 16 2 

Coal in bunker ... .,. 2 10 o 

Coal in firebox ... ... o 3 o 

Sand in boxes ... ... o 3 2 

Water in boiler ... ... 2 13 o 

the distribution of weight being — 

On the two leading wheels ... 15 tons 14 cwt. 

On the middle wheels ... ... 15 14 

On the trailing wheels ... ... 16 10 

But the probability is that, at the time of the disaster, 
the engine had not the full amount of coal in the bunker, sand 
in the boxes, or water in the tank, and the actual weight may 
be taken as not more than 46J tons. 

The diameter of the wheels, when new*, was 5 ft. 2 ins., 
and the wheel base was 15 ft. 9 ins., divided thus — between 
the leading and driving wheels 7 ft. 9 ins., and between the 
driving and trailing wheels 8 ft. The length of the engine 
over the buffers is 30 ft. 2} ins., and exclusive of the buffers 
26 ft. 8J ins. The centre of gravity of the boiler and saddle 
tank combined is 6 ft. iij ins. above rail level (see fig. 2), 
but the height of the centre of gravity of the engine, as a 
whole, cannot be given, as it is a very complicated matter to 
solve without actual experiment. It is, however, evident that 
when the weight of the wheels, frame and machinery is taken 
into account, it is much lower than that of the boiler and 
tank by themselves. But it should be noted that, whatever 
the height of the centre of gravity of the engine as a whole 
may be, its position in relation to the wheel base of the engine 
is, owing to the distribution of weight on the axles, about 
four inches behind the driving axles when the bunker and 
tank are full. When, however, the bunker is half empty, 
and some of the water out of the tank, the centre of gravity 
is a little in front of the driving axles. 

The engine is double framed, and the driving wheels have 
inside and outside bearings, journals, and springs. These 
bearings have a tight fix on the axles, and have very little side 
play. The cylinders are 17 ins. by 26 ins., the working pres- 
sure 140 lbs. to the sq. in., and the tractive force, or draw 
bar pull, is 15,270 lbs. The engine was built in 1886, and 
had been thoroughly overhauled and repaired in the Neath 
locomotive shops during the six months June-December of 
1903. New tyres were then fitted to the wheels, and it is said 
to have left Neath in the latter month as good as new. It 
had run 15,000 miles since leaving Neath, which is about 
one-third of the usual mileage run by an engine before again 
requiring general repairs. 

This engine, which was overturned on its right side, had, 
after the accident, nothing whatever wrong with its wheels, 
springs, axles or machinery, with the exception that the 
spring hangers of the right hand leading wheel were badly 
bent, and the coupling rod between the right hand leading 
and middle wheels was broken close to the crank pin of the 
foremost wheel. There is no doubt that the bending of the 
spring hangers was due to the overturning of the engine, but 
as regards the fracture of the coupling rod, it is open to 
doubt whether this took place before the accident, or as the 
result of it. 

The coupling or side rods are the original ones fitted to the 
engine in 1886, and are said to have been submitted to the 
usual hammer test while the engine was at Neath, and found 
free from flaws or cracks. They are of the best fagotted 
iron, and specimens cut from the broken rod have been tested 
since the accident with most satisfactory results. 

Each of the side rods is in two portions, the joints being 
behind the crank pins of the middle wheels. The rod which 
broke was the front side rod on the right hand side of the 
engine, the fracture occurring five inches from the centre of 



the crank pin of the leading wheel (see f\g. 2). The side rod 
is 7 ft. 9 ins. long between the centres of the leading and 
driving crank pins; 4J ins. deep and ij ins. thick in the centre; 
and 3 J ins. deep and i J ins. thick at the neck. These dimen- 
sions are slightly less than those used upon modern engines, 
in which the depth is si ins- in the middle, and 4^ ins. at the 
neck, the thickness throughout being ij ins., but the factor 
of safety in the broken side rod works out at 42, as against 
45 for the modern rod, so there is but little difference between 
the two in point of strength. The section of the rod at the 
point where it broke is 3I ins. by 1 3^ ins. The ends of the 
side rod are welded to the body of it, and the fracture was 
situated between the weld and the end of the rod, and appa- 
rently outside the influence of the weld. The appearance of 
the fracture was good, that is to say close grained, over two- 
thirds of its surface, but the middle portion was rather 
coarsely crystalline. A close examination of the fracture in 
the laboratory at Swindon disclosed no signs of any previous 
flaw, the appearance being such as might be due to a sudden 
fracture caused by a blow or shock. 

The train engine was a 4-coupled express passenger engine 
** Montreal" with a leading bogie and a 6-wheeled tender. 
The weight of the engine when full was 51 tons 18 cwt., and 
of the tender 34 tons 5 cwt., the weights being distributed as 
follows : — 



Engint, Tons cwt. 

On the bogie wheels ...17 12 
On the driving wheels ...17 14 
On the trailing wheels... 16 12 



Tender. Tons cwt. 

On the leading wheels... 12 i 
On the middle wheels... 1 1 o 
On the trailing wheels... 1 1 4 



The diameter of the coupled wheels when new was 5 ft. 
8 ins., and of the bogie wheels 3 ft. 8 ins. The distance 
between the bogie wheels is 6 ft. 6 ins., between the bogie 
pin and driving wheel 7 ft. 3 ins., and between the coupled 
wheels 8 ft. 6 ins. The wheel base of the tender is 13 ft. 
The total length of the engine and tender over the buffers is 
54 ft. 1 5 ins. The centre of gravity of the boiler, exclusive 
of the rest of the engine, is 7 ft. 2\ ins. above rail level. The 
working pressure is 195 lbs. to the square inch, and the 
tractive force 21,741 lbs., the cylinders being 18 ins. by 
26 ins. 

This engine remained on the up track with its four coupled 
wheels on the rails, which were slightly out of place. The 
tender was separated from the engine and turned over on its 
side, fouling both the up and down lines. 

They were not in any way responsible for the derailment. 

The only wheel marks found were those commencing at 
the spot marked A on fig. i, which indicate that a wheel 
mounted the right hand rail at that place, and after travelling 
diagonally along the rail for a distance of about 6 ft. dropped 
off the rail into the six-foot way. The left hand wheel on 
the same axle followed a parallel path and dropped off its 
rail into the four-foot way at a spot 9 ft. 7 ins. from point A, 
leaving a clear grazing mark on the inside of the rail where 
it dropped off. 

The right hand wheel after dropping off the rail grazed and 
indented the chairs on the next three sleepers, and reaching a 
rail joint between the sixth and seventh sleepers from A, 
sheared off the heads of three fish bolts on the outside rail, 
leaving one fish bolt unbroken. Both wheels continued to 
diverge further and further from their respective rails, break- 
ing the chairs and indenting the sleepers, until at the 28th 
sleeper from A the right hand wheel got clear of the sleepers 
and dropped into the ballast in the six-foot. 

The marks on the next six sleepers were not observed, 
and beyond the 34th sleeper from point A the up line was torn 
up and destroyed for a distance of 67^ yards, being then 
slightly disturbed for a further length of 17 yards. The total 
distance from point A to the front of the train, after it had 
come to rest, was 105 yards. About 20 yards east of the 
34th sleeper, or 46 yards from point A, the down line was 
displaced and damaged, the whole track being pushed out of 
alignment for a distance of 70 yards, .so that the ends of the 
sleepers and the outer rail overhung the edge of the embank- 
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ment, and part of the inner rail was ripped up and twisted 
in various directions, one leng-th of it being found curled up 
over the cab of the train engine. From the appearance of the 
wheel marks, that is to say from their depth and width, and 
from the clean way in which the heads of the fish bolts were 
sheared off, the marks were caused by the wheels of an engine, 
and, if so, by the leading wheels of the tank engine. 

This case is for several reasons one of unusual difficulty, 
and the evidence is voluminous, but the result of the investi- 
gation is disappointing, for although every effort has been 
made to discover the cause of the derailment, no direct evi- 



dence is forthcoming, and any conclusions arrived at depend 
upon theoretical considerations rather than upon absolute 
proof. 

One of the most noticeable features of the occurrence is 
the absence of any physical conditions such as are usually 
found in cases of this nature. Here there is no question of 
curves, super-elevation, or gradients; the line was quite 
straight and on a dead level. 

There is no doubt that the leading engine was the first to 
leave the rails. 

The train weighed 196 tons, and inclusive of engines 
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327 tons 15 cwt. It was well filled, the guard's statement 
being that it contained 300 passengers. From New Milford 
to Uanelly it was drawn by the ** Montreal," a nearly new 
<.'xpress engine. At Llanelly an assistant engine was attached 
in front of the ** Montreal*' to help it up the Cockett bank, 
which is situated between Gowerton and Cockett about six 
miles east of Llanelly, this engine being what is known as a 
six-wheels-coupled, saddle tank engine (see \\g, 2), 

The train left Llanelly at 1. 15 p.m., being then 7 minutes 
late.* From an examination of the marks on the plan (see 
(\g, i) the following appears to have been the sequence of 
events : — 

When the leading wheels, after mounting the rails, 
dropped on to the sleepers, the engine took an oblique course 
to the right, i.e., towards the down line, until the right leading 
wheel got clear of the sleepers, and dropping on to the ballast 
in the lo-foot way, became more or less imbedded therein. 
VVhen this occurred, it is probable that the engine overturned 
on to its right side. The engine was then partly across the up 
line, and, offering a direct obstacle to the passage of the 
train, was pushed aside by the second engine until the front 
of it (the leading engine) came into contact with the left-hand 
rail of the down line, causing the whole down track to be 
forced out of position and to overhang the edge of the embank- 
ment. As the train engine forced its way past the end of 
the overturned engine the latter was gradually swung round, 
until, by the time everything had come to rest, it was lying 
partly on the down line, and partly in the space between the 
up and down lines, and roughly parallel with them, with its 
front end pointing to the rear. 

It is important to note that though the bogie wheels of 
the train engine were off the rails, the coupled wheels were 
not derailed, and the permanent way below the engine was 
only slightly disturbed, evidently by the bogie wheels. This 
fact goes to prove that the leading engine did little damage to 
the up line, being soon pushed clear of it, and that the train 
engine never left the rails at all except as to its bogie wheels. 
It follows from this that the destruction of the up line behind 
the train engine was caused by the overturning of the tender, 
by the crumpling up of the frame of the first coach, and by 
the derailment of the three next coaches of the train. 

The speed of the train was probably between 50 and 60 
miles an hour. 

The time allowed between Llanelly and Loughor for pas- 
senger trains booked to stop at those two places, as given in 
the Service Time-book, is six minutes from time of departure 
to time of arrival for the distance, viz., 3 miles 1,100 
yards, between these two places, which gives an average 
speed from start to finish of about T^y miles an hour. But 
deductions as before of ij minutes at the beginning of the 
journey and one minute at the end of the journey have to be 
made to represent the loss of time due to starting and stop- 
ping, which leave 3^ minutes as the available running time, 
and the speed of these trains between the two places has 
consequently to be not less than 60 miles an hour. 

What the actual speed was at the time of the derailment 
cannot be ascertained with certainty. The driver of the train 
engine puts it at 25 to 30 miles an hour, but seeing that the 
train had left Llanelly about 5 minutes previously, and had 
covered a distance of 2 miles 1,095 yards, this estimate is 
obviously incorrect, if the train was keeping time. 

Signalman David Davies, at Llandilo Junction East Cabin, 
says the train passed him at 1.19 p.m., that is, 4 minutes after 
leaving Llanelly, at a speed of 25 miles an hour, but this 
again cannot be correct. The distance between Llanelly and 
Llandilo Junction East is i mile 1,031 yards, and an average 
speed from start to finish of 23^ miles an hour would be 
required in order that this distance might be covered in 4 
minutes. But as the train started from rest, the speed at 
the end of that interval of time, i.e., when passing Llandilo 
East Cabin, must have been at least 47^ miles an hour in 
order to give the above average. 

^ Accordiog ro *' BradshsiW " and other time-ubles issued to the public, the 
lime of departure is 1.5; but in the Service tiine*ubles, issued for the 
guidjince of the Company's servants, the time is l.S p.m. 



This part of the railway had been walked over on the 
morning of the accident by the ganger and by the permanent 
way inspector, who both found it in good order and requiring 
no attention. Immediately after the derailment the line was 
carefully examined and gauged westwards from the first mark 
upon the rails by foreman platelayer George Hopes, who 
found it in good line and in good gauge. 

\o broken rail was discovered at or near the point of de- 
railment, and I am satisfied that the derailment was not due 
to any defect or failure of the permanent way. 

So far as the train engine (the ** Montreal '*) and the 
carriages are concerned, it is certain that they were in good 
order, and suitable for express speeds, and they may be left 
out of account. 

As regards the tank engine, after the accident the axles, 
wheels, tyres and flanges were in perfect condition, and of this 
it may be noted that the engine, after being replaced upon the 
rails, it travelled to Swindon on its own wheels. Its chief 
defect was the fracture of the right-hand leading coupling 
rod. Whether this fracture was the cause or the consequence 
of the accident cannot be stated with certainty. The break- 
ing of the rod would throw the axles slightly out of truth; the 
right-hand leading wheel would bind against the right-hand 
rail, which it would tend to mount; the disturbing effect of 
the broken rod would upset the balance of the wheels, and 
the engine would begin to lurch or rock. Conditions might 
in this way arise which, when the speed and the pressure of 
the train engine behind the crippled engine are taken into 
account, would in all probability cause a derailment. 

But against the theory that the side rod caused the derail- 
ment must be set the fact that the driver of the train engine 
says that, so far as he knows, the side rod of the leading 
engine was not broken before the latter engine left the rails. 
It is also the case that the latter fell over on to its right side, 
I.e., on the same side as that on which the broken side rod 
was afterwards discovered, and it is possible that the rod was 
fractured by the capsizing of the engine. Moreover broken 
side rods, though not uncommon, have been rarely known to 
cause a derailment. While, therefore, it is not an improb- 
able thing that the fracture of the side rod caused the derail- 
ment, there is no proof that this was the case. Failing this, 
some other explanation of the catastrophe has to be sought. 

It has been suggested that the derailment was due to the 
** oscillation '* of the tank engine, and this was the view 
adopted by the coroner's jury. The oscillation of engines is 
governed by various factors, of which the speed, the length 
and nature of the wheel base, the balancing of the wheels, and 
the distribution of the weight are the principal. In this case 
the wheel base was rigid and 15 ft. 9 ins. long. The bunker 
overhung the trailing wheels bv 6 ft. 4J ins., while the front 
of the engine overhung the leading wheels by 4 ft. 7 ins. The 
height of the centre of gravity of the tank engine was less 
than that of the train engine, and very much less than that of 
some of the heaviest engines now in use upon other railways. 
But the position of the centre of gravity in relation to the 
wheeb was, when the engine was full with coal, water and 
sand to its utmost capacity, four inches behind the middle 
axle, although under normal running conditions, with about 
half the quantity of coal in the bunker, it is slightly in front 
of the middle axle. The engine was therefore practically 
balanced about its middle axle, which seems to be an unsatis- 
factory arrangement for steadiness of running. 

The proper position for the centre of gravity of an engine 
is in front of the driving wheels, and this seems especially 
desirable in the case of a saddle tank engine, in the tank of 
which the water would be for ever surging from one side to 
the other or from one end to the other. It is evident that 
when the centre of gravity is behind or over the middle axle 
there is a greater tendency for the front wheels to be lifted off 
the rails in consequence of the lurching of the engine, or of 
any inequality in the permanent way, than if it was in front 
of the middle axle. Moreover, an engine with a wheel base 
of 15 ft. 9 ins., and a total length, exclusive of buffers, of 
26 ft. Si ins., would be liable to oscillate a good deal when 
running at high speed, and this would be soeciaU^ ihj case 
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with aii engine such as No. 1,674, not only because it had 
not a tender behind it to steady it, but also because it had a 
heavy coal bunker overhanging the trailing axle by 6 ft. 
4^ ins., which on a straight road would be certain to rock or 
swing violently from side to side. Although in this case the 
tank engine was in front of, and attached to, a heavy express 
engine, which might be expected to have a better steadying 
effect even than a tender, it cannot be stated with certainty 
whether the coupling between the two was tight, and unless 
this was the case the train engine would not have much effect 
in checking oscillation. The probability is that owing to the 
speed the ** Montreal *' was doing all the work, and the coup- 
ling between the two engines was slack. 

Three witnesses who had knowledge of engine No. 1,674 
were questioned with a view to ascertaining whether this 
engine had an undue tendency to oscillation, and whether 
they themselves had ever made, or had heard anyone else 
make, any complaint with regard to the oscillation of this 
engine. Their evidence in this respect was unsatisfactory 
and inconclusive, and amounted to little more than this, that 
tank engines oscillate rather more than tender engines, and 
one man said that the oscillation of engine No. 1,674 was 
slightly greater than that of other tank engines. None of 
them admitted that he had seen engines of this class travel at 
higher speeds than 30 miles an hour. 

These saddle tank engines were designed a great many 
years ago, and it may be taken for granted that they were 
never intended for express work. It is probable that they 
were designed for a speed of 35 or at the outside 40 miles an 
hour. They are said to be a useful class of engine, and as the 
Great Western R. possesses 1,143 of them, a great deal of 
work is done by their means in the course of a year. But the 
arrangement of their wheels and weights is such as in my 
judgment to render them liable to oscillation, which at high 
speeds would become dangerous. It has been shown that the 
train in this case was timed to run at a speed of about 50 miles 
an hour between Llanelly and the foot of Cockett Bank, and 
that the actual sp^eed at the time of derailment may have been 
as high as 60 miles an hour. If this were the case a dangerous 
oscillation would in all probability be set up in the tank 
engine, which might be sufficient to account for the derail- 
ment. * 

Agairfst this suggestion it must be admitted that there 
is no direct proof that the derailment was due to the oscil- 
lation of the tank engine. The absence of any sign of dis- 
turbance in the permanent way, such as might be caused by 
oscillation, may be attributed to the strong construction of 
the ** road,** while the two enginemen who could have spoken 
as to the behaviour of the tank engine both met their death. 
Driver John Thomas says that Lloyd, the driver of the tank 
engine, was sitting down just before the accident, which, if 
correct, may be taken as indicating that no abnormal oscil- 
lation existed, and that the unfortunate man had no idea of 
danger.* It is also the fact that driver Lloyd could have 
checked the speed of the train if he had thought it necessary 
to do so, by shutting off steam and applying the continuous 
brake. 

From what has been said it will be gathered that the fault 
is in some way or other to be traced to the tank engine. The 
probability is that it was due to one or other of two causes, 
viz., the fracture of the side rod, or the oscillation of the 
saddle tank engine in consequence of too great a sp)eed. 

Col. Yorke does not regard the saddle tank engine referred 
to in this report as a suitable engine to be attached in front of 
a train timed to run at express speed. Mr. Churchward in 
his evidence says that these engines are safe at 50 miles an 
hour as the ** highest maximum,** but in order that a reason- 
able margin of safety may exist the usual running speed 
should not be higher than 40 miles an hour. When an 
assistant engine is required to help a train up the Cockett 
Bank it should be attached at Gowerton and not Llanelly, 
unless the assistant engine be an express tender engine. It 
does not commend itself as good practice to attach an engine 

* Col. Vorke doubts the accuracy of this statement. 



designed for moderate speeds to a train timed to run at high 
speed over a straight and level road« When this is done, one 
of two things must happen; either the slower engine will 
cause delay to the train, or will itself be run at a speed which 
is unsuitable and may become dangerous. 

The knowledge gained in this and other enquiries, in 
which tank engines of various classes have been concerned, 
makes it apparent that the question of the behaviour of tank 
engines of all types and classes, under different conditions of 
speed, requires investigation, and the Associated Railway 
Cos. should be invited to appoint an expert Committee for 
the purpose of enquiring into and reporting upon the subject, 
after which a classification of these engines might be made 
according to the work for which each type is found to be suit- 
able. 



^/ Wishaw North Junction, CR., on 22nd November, 
Major J. IV. PringUy R.E,, reports ihat\— 

Whilst the 7.10 a.m. down goods train (Carlisle to Moss- 
end) was standing at the down main starting signal at 
Wishaw North Junction, with the brake van foul of the up 
branch line, it was struck by the 4 p.m. up passenger train 
(Glasgow Central to Carstairs). 

Signalman Little, of Wishaw North Junction, offered the 
goods train on the down main line to Carfin Colliery at 4.14 
p.m., but it was not accepted. At 4.23 p.m. he allowed the 
train to draw forward to the down main starting signal on 
the understanding, apparently, that it would be ver)» shortly 
accepted. He did not know how many waggons were at- 
tached to the goods train, but he verbally instructed the 
driver, as he passed the signal-box, to draw well clear of the 
junction with the branch line. He did not repeat these in- 
structions to the brakesmen of the goods train. 

Driver Smith heard Little's instructions and understm)d 
that his train was required to draw clear ahead of the junc- 
tion. He went forward therefore until his engine and tMo 
waggons had passed the down starting signal and then came 
to a stand. He received no signal from the brakesmen of 
the train, and in default of a signal from them to draw further 
ahead he thought that- the tail of the train had cleared the 
junction. As a matter of fact the trailing wheels of the rear 
brake van were standing on the crossing, and the Avholc 
length of the van was foul of the up branch line. 

Goods guard Burgess and his assistant, Foster, who were 
sitting in the brake van, were quite aware of their position, 
but, having received no specific instructions to clear the junc- 
tion from signalman Little, they thought that it was not in- 
cumbent upon them to take any action. 

The passenger train was offered to Little by Shieldmuir 
Junction at 4.27 p.m., and he accepted it. At 4.29 p.m. 
Little, who was persuaded that the junction had been cleared 
by the goods train, and who states that he could see the 
junction rails clear behind the brake van, pulled off all the 
up signals on the branch line for the passenger train. Guard 
Burgess, fortunately, noticed the up branch line home signal 
fall, and immediately jumped out of the brake van, and ran 
down the branch line showing a red light. 

Signalman Little, it is obvious, should have waited to 
receive a hand signal, or communication, that the junction 
had been cleared, before lowering the branch line home signal 
to safety. The fouling point was nearly 250 yards distant 
from him, and it was quite impossible for him to judge by 
eye whether the line was clear or not. 

Although there appears to be no specific rule relative to 
the conduct of guards under the circumstances described, 
. some action was necessary from guards Burgess and Foster, 
either to clear the running junction or to protect the rear of 
their train. An addition should be made to the General Rules 
to cover the case. 

In view of the long distance — about 250 yards — between 
Wishaw North Junction signal-box and the junction crossing, 
the addition of a bar on the down main line at the fouling 
point appears to be advisable. 
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The Hon. Reginald Capel, deputy-chairman of the Great 
Northern R., has retired from the board and Lord Balfour of 
Burleigh has been elected a director. 

Mr. Arthur L. Stride, managing director of the London, 
Tilbury and Southend R., has been appointed deputy-chairman 
in succession to the late Mr. John Warren, and Capt, 
Herbert M.Jessel, M.P., and Mr. Percy B. Trowerhave 
been elected directors. 

Mr. Geo. Willans, who was locomotive superintendent 
of the Wrexham Mold and Connah's Quay R. when it was taken 
over by the Great Central R., has been appointed assistant loco- 
motive superintendent of the Smyrna R. 

Mr, J. F. S. Gooday, general manager of the Great 
Eastern R., has been appointed to succeed Mr. Alfred 
Baldwin, M.P. (who has resigned), on the Committee on 
Railway Rates for Agricultural Produce. 

Mr. J. P. O'Donnell, chairman and managing director of 
the British Pneumatic Railway Signal Co., Ltd., has been elected 
president for the year of the Railway Officials' Association. He 
presided at the annual diimer at the Criterion on the 13th ult., 
and, in proposing the toast of the evening, announced that Mr. 
Sam Fay had consented to be his successor next year. This 
association was formerly known as the London and Suburban 
Railway Officials* Association, and has in its time done a great 
deal of good. It was reorganised last year and opened to railway 
officials all over the country. 



We regret to record the death of Mr. Thos. Matthews, 
who was for more than 57 years engineer of the North London R. 
He was one of the pioneers who set out the line together with its 
extensive docks at Poplar. Subsequently these works were con- 
structed under his supervision. He was much respected, and 
his retirement was greatly regretted. He died on the 8th ult., at 
the age of 86 years. 



Electric v. Steam Traction. 

To the discussion upon the " Reports " on Electric Traction pre- 
sented to the Railway Congress at Washington Mr. J. A. F. 
Aspinall, general manager of the Lancashire and Yorkshire R., is 
reported, in the Official Daily Journal, to have contributed some 
interesting remarks. 

Assuming that he was correctly reported, and his views to be 
right, the substitution of electric for steam traction will not be of 
much benefit unless the carrying capacity of the line can be 
increased thereby. 

He stated that his year's experience with the Liverpool and 
Southport line showed that the operation with electric traction 
was more expensive than with steam. Consumption of coal was 
especially greater per ton-mile, but "nmning" was less because 
the crews made more miles. One reason for the adoption of 
electric traction in this instance vras the necessity of reducing the 
train pressure during the busy hours at the Liverpool terminus. 
An electric train is got mto and out of the terminus with half the 
signalling and shunting. The cost of installing electric traction 
was ;i^2 0,000 (or 3^ times that of steam) per mile, and the interest 
and sinking fund on this sum makes the operation more expensive 
than steam. The trains were as heavy as steam-worked trains. 

Curiously enough just about the same time it was announced 
here by one of the chief officials of the North Eastern R. that the 
operation of their electric lines left a fair margin of profit after 
charging all working expenses and interest on the capital cost of 
the new plant. And Mr. A. Wilson, of the North Eastern R., 
who followed Mr. Aspinall in the discussion above-mentioned at 
Washington, gave the total cost of traction during the month of 
February at 5.7^. per train-mile. 

The North Eastern trains averaged 2J, and the Lancashire 
and Yorkshire trains of four or sometimes five cars. 

Both lines met with the same success, viz., great increase of 
traffic and receipts. 

The comparatively unsatisfactory results from the Lancashire 
and Yorkshire electric section are not easy to explain, but seem 
to indicate that the methods in vogue at Newcastle might be 
closely copied. 

Italian Railways. 

On the ist July next the Italian Government will take over, and 

work direct, the railways of the Mediterranean R. Co., and 

which, together with those of the Southern R. Co. (also being 

taken over), practically comprise all the main lines in the 

country. 

Purchase of the Bombay, Baroda and Central India 
Railway. 

The company announce that formal notice has been given by the 
Secretary of Sute for India of his intention to purchase this 
company's railway under the powers conferred upon him under 
the contract of February 2nd, 1859, and subsequent contracts 
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The purchase price, as determined by the average price recorded 
in the official list of the London Stock Exchange, has been ascer- 
tained to be approximately j£iS4 'Ss. sd. per j£ioo stock, and 
the purchase will take effect from December 30th next. 

Non-Conducting Ballast for Electric Railways. 
According to the Liverpool papers the electrified section of the 
Lancashire and Yorkshire R. between Liverpool and Southport 
is now being metalled with a very hard, marble-like stone of great 
non-conductive power. This non-conducting ballast, which will 
take 3,000 volts without penetration, is spread in a thin coating 
underneath and between the sleepers, and it renders the live rail 
perfectly harmless. Under these conditions anyone placing his 
hands on the live rail or otherwise coming into contact with it 
receives no shock unless he forms a direct contact between the 
live and dead rails. This special non-conducive ballast, which is 
obtainable from a quarry in Teesdale, near Darlington, has already 
been adopted on the North-Eastem R. electric lines in the New- 
castle district with satisfactory effect. 

Booth's Rail Joint. 

Mr. H. Booth, 84, Parkside Road, Sheffield, has invented a new 
rail joint which is to be given a trial on the Sheffield Corporation 
Tramways. A really effective tram-rail joint is badly wanted, for 
the various " anchoring " arrangements which have been largely 
used by no means give unqualified satisfaction. 



The advantages claimed for the arrangement illustrated are 
that it gives an increased grip to the head of the rails when cars 
are passing over the joint ; double the ordinary bearing surface 
where most needed ; less costly than sleepers ; and freedom from 
jolting or hammering. Wood or felt packing may be used under 
the rail if desired, and the joint may be anchored by bolts through 
the concrete as indicated on the illustration. Shorter chairs may 
be used between the joints if required, as they probably would be 
if the joints were bolted down as anchoring seems to induce 
** hogging." 

Light Railway Orders. 

The Board of Trade has recently confirmed an order authorising 
the construction of the Portsmouth and Hay ling Light Railway^ 
including a conveyor bridge over the Langstone Channel. 

The Board of Trade has also amended the Basingstoke and 
Alton Light Railway Order^ ^^97, as to speed. 

And confirmed orders for the construction of the Guildford 
Light Railways in Surrey, and the Campbeltown and Machrihanish 
Light Railway in Argyllshire. 

•X- 
New Millsaw File. 

Messrs. Wright, Bindley and Cell, Ltd., Sheffield, send us 
an illustrated description of the ^' Holdemess^^ Bevel-edged File 



which is a millsaw file with the edges three-sided instead of 
semi-circular. Users say that the new shape is a great improve- 
ment and lasts at least twice as long as the old. This appears to 
be due to the fact that it is impossible to cut the file teeth of even 
depth on a sharply curved surface, and therefore the whole file is 
rejected as soon as the round edges are worn and long before the 
fiat sides are worn out. 

New Tyre for Heavy Motor Vehicles. 
The Palmer Tjnre, Ltd., send us a letter in which they state they 
are introducing a pneumatic tyre to carry a wheel-load of 3 tons 
It is built of patent " airless cord " and the best Para rubber. It 
is further stated that "airless cord " can be built to almost any 
strength without affecting the resiliency. 

The «*Thikflex" Cord Grip Lampholder. 

Messrs. Baxendale and Co., of Manchester, have sent us a 
sample of their new patent ** Thikflex " Cord Grip Electric Lamp- 
holder, which we have tested and found to be a great improvement 
in every way upon the ordinary lampholder. It has fewer parts, 
and these are larger and stronger, though the holder itself is no 
bigger. 

The case is in only two parts, which screw together and inter- 
lock the cord grip, china interior and terminals with each other 
so that it is impossible for them to be twisted or become detached^ 
The interior, which is in two parts, is of best English china, and 
is so constructed that when put together the terminals, which are 
not permanently fixed to the china, are held quite firmly in posi- 
tion, and are entirely insulated from one another and from the 
case itself, no metal being exposed beyond the plungers them- 
selves. The terminals, being loose, are much more easily wired. 
The cord grips are very effiective, and cannot be twisted. It gives 
such a firm grip on the flexible that all strain is taken off the 
connections. 

It is a very substantial fitting, and very suitable for use in 
factories, workshops, &c. 

Asbestos Sheathed Fuse. 

Messrs. John Fowler and Co., Ltd., of Leeds, have sent ua 
a sample of Hall and Fuller's patent asbestos-sheathed fuse 
which they make. 

The fuse consists of a special arc-damping sheathing, through 
which bare fuse wires have been drawn. With this arrangement 
the circuit is effiectually broken, and the formation of an arc pre- 
vented, either with a slow or rapid increase of current, llie 
sample length sent us consists of 10 wires sheathed with asbestos, 
and fuses at about 80 amperes. A less fusing current is secured 
by withdrawing one or more wires to suit ; while for a greater 
current one or more sheathed fuses are used in parallel 

Steel Sheet Piling. 

The United States Steel Sheet Piling Co., 135, Adams Street^ 
Chicago, has brought out a new type of interlocking sheet steel 
piling. It is a rolled section of entirely new design, consisting of 
a flat web with circular grooved flanges, as shown in the accom- 
panying illustrations. There are no bolts, rivets, or other 
attachments, and it is ready for use as it comes from the mill for 
all purposes for which sheet piling can be used. By packing the ^ 
grooves with mud, clay, or other suitab 
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<:an be made water-tight. The cylindrical tongue and groove 
give lateral strength and permit of a noteworthy range of flexibility 
in the use of the piling, as corners are readily turned, and the 
•direction can be changed at any point, without using special 
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IBad View of Steel Sheet Pillns. 

sections. Each pile is complete in itself and is interchangeable. 
It is rolled in sections weighing 35 and 40 lbs. per ft., and in 
lengths as required. It is first rolled as an I-beam shape, the 
circular flanges being formed by a second process. — Railway 
and Engineering Review, 

Granting Facilities for the Construction of Light 
Railways. 

Among the mass of inane and vapid " conclusions " arrived at by 
the recent International Railway Congress there are a few — 
very few — which are worth very careful consideration. One of 
these refers to the construction of light railways, and reads as 
follows : — 

Light railways merit in the highest degree the attention of 
public authorities. Their construction makes it possible to 
encourage the progress and development of districts which pre- 
viously have remained in the background, and it is accordingly 
not only the interest but the duty of the Governments to assist 
them. It is desirable, therefore, not to adhere to old types and 
old methods of construction, operation and regulation, but to 
introduce every facility possible, adaptable to local needs and 
available resources. It is also desirable that State Governments 
and local authorities should accord to light railways, either under 
the form of subsidies, relaxation of requirements or other 
methods of assistance, the support which they need, both 
for construction and for operation, so that all parts of the country 
may be adequately served. When the authorities of a country 
do not themselves construct or work light railways, but turn them 
over to private companies, it is indispensable that the terms of 
the concession should be so defined as to harmonise the interests 
of the working company with those of the public. 

The above resolution, of course, pre-supposes that the 
Government and local authorities are reasonable bodies to deal 
with. But this country is blessed with a Board of Trade, which 
is quite grandmotherly in its unreasonable attitude towards the 
construction of light railways, and also with corporations and 
county and urban councils which, when not acting the dog-in-the 
manger, fasten on to promoters such onerous, not to say black- 
mailing, conditions that it becomes impossible to raise the neces- 
sary capital, and if by these means they succeed in killing the 
scheme they plume themselves on having accomplished a meri- 
torious feat — " in the interests of the ratepayers," of course. 

The Phoenix Tender Spring. 

A NEW design of elliptic tender spring, which incorporates a new 
scheme of end fastening, has recently been placed on the market 
by the Phoenix Car Spring Co., of Chicago. This spring consists 



in providing end plates and connections, arranged between the 
upper and lower halves of the spring, forming a convenient mode 
of connection, so that the springs are easily assembled and dis- 
assembled. The weakening of the main plates adjacent to their 
points of connection is overcome and the risk of breaking lessened. 
Heretofore, the upper and lower halves of elliptic springs have 
commonly been formed with scrolls or eyes at their ends con. 
nected by a bolt with a curve or neck, in the main leaves adjacent 
to the scroll. This neck has proved to be a weak point, and the 
main leaf could not be reinforced at that point because if the 
second leaf or leaves were elongated for that purpose they would 
slide on the main leaf when used and strike the projected curve 
of the eye. In this design the ends of the halves are connected 
by malleable rockers, shown in detail on the illustration, which 
retain the spring in proper relative position. Their longitudinal 
end pockets and centre flanges confine the ends in alignment, 
preventing them from twisting out of true, and the plates then 
move easily as the springs are elongated or contracted by changes 



in the load and aflbrd a bed for the ends of the halves. 
With no load, or with light load, the weight is supported on the 
extreme ends of the spring, and as the load increases the 
springs are compressed and shortened on the bed of the 
rocker castings, thereby increasing the capacity and resistance 
in proportion to the load. Another feature of this design which 
should be noticed is the ease and economy with which a 
section can be removed in case a leaf breaks, and be replaced 
by a new section from a standard stock. The illustration 
shows a double elliptical spring, but the same principle can be 
used with any number of sections. This type of tender spring 
is guaranteed by the manufacturers for two years' service. — 
Railway and Engineering Review. 
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Compound (4-Cyllnder8) Express Engines ''Adriatic' 
Type; Southern Railways of Italy* 
By Charles R. King. 
The most striking feature of these engines is that the boiler is 
reversed, the firebox being over the leading bogie. The first 
engine was designed under the superintendence of Signor 
Plancher, and built at the works of the Strode Ferrate Meridionali^ 
Rete Adriatica (Southern Railways, Adriatic System), at Florence. 
In 1902 sixteen others, with alterations in the details, were built 
by £. Breda and Co., Milan, and Borsig, Berlin, to the annexed 
drawings. The chief dimensions are : — 
Cylinders. 

Two high pressure on right-hand side, diam. i4ins. 

Two low pressure on left-hand side, diam. 23*2ins. 

Stroke of pistons, 25*5ins. 

Volume of clearance per cent, of stroke volume — 

high pressure, 15 per cent, 
low pressure, 8 per cent 

Piston valves, h.p. and l.p., diam. io*4ins. 

Smith's patent valve rings. 

Steam lap of valves, h.p. and Lp., i'338in. and o'Qosin. 

Negative lap and exhaust lead h.p. and l.p., coySyin. and 
o'liSiin. 

Wheels. — Diam. 6ft. 3|ins., six coupled. 
Tractive Effort.^6\ tons. 
Boiler. 

Working pressure, 213 lbs. per sq. in. 

Diam. inside, greatest 4ft. S^ins. 

Heght of centre line above rails, 8ft. 8^irs. 

Tubes, brass, 125 Serve, 4 plain, diam. 2|ins. by 13ft. 2ins. 
long. 

Heating surface, tubes 2,130 sq. ft. ; firebox 124 sq. ft. ; total 
2,254 sq. ft. 

Grate area, 32*3 sq. ft. 
Weight of Engine. 

Empty, 61 J metric tons ; full, 70^ metric tons ; on the coupled 
wheels, maximum 43*8 tons ; on leading bogie, 267 tons (coal 
bunker holds 4 tons). 

Maximum axle-load allowed 14*6 tons. 

Weight of cylindrical water tank, 16 tons; water capacity, 
106 cub. ft. 

Total (max.) weight of engine and tender, 106*5 metric tons. 

Total length of engine and tender, 82ft 6ins. 

The engines, illustrated by the annexed drawings are a modi- 
fication of the type-engine "5001" exhibited at Paris in 1900, 

• For external views of these engines and a fiill account of their perforinance 
see "Economical Locomotives," pp. 122-4 of the Railway Engineer for 
April, 1904. 



and which was, itself, altered when the 16 engines were built to 
this design in 1902. 

The unparalleled economy of the type induced the Julian 
Government — now in nominal possession of the State Railways 
of Italy— to order another lot of 14 engines, most of which have 
been delivered during the present year. 

In these last engines the arrangement of the motion is the 
same as before, but the boiler is of another type having a sloping 
head to the wide firebox by which the boiler has been, in one 
way, reduced in weight, although the length of the grate has been 
slightly increased. At the firehole the inner and outer boxes 
have been flanged and rivetted together according to the Webb 
plan. The double-ported semi-relieved regulator-valve has been 
replaced by an entirely new type of cylindrical regulator valve 
having a three-phase movement in which the drop-seat valve has 
been introduced but without its notable defects. The blast pipe 
is made similar in action to those of the annular type, it now 
having a central core prolongation, 4|in8. diameter, reaching to 
the chimney-top. 

The cylinders, valves, and valve-motion remain precisely as 
shown on the drawings, except that the large low-pressure cylinder 
pistons are fitted with tail rods to relieve the weight of the 
pistons. Oblique-t3rpe, hollow, crank-axles are now used. The 
arm between the two crank-cheeks is of rectangular section, and 
the crank webs, 90* one in advance of the other, are of lozenge- 
shape, heavily-hooped. The cranks of each h.p. or J.p. pump 
stand at 180''. 

All the driving axle-boxes are now spherical, so that the 
engine frames may tilt out of vertical (as when on a curve, for 
instance), without unduly straining the guides, frames or journals. 
These spherical boxes (2^ara's) were applied to some of the 
engines that are shown in the accompanying drawings. 

It will be noted that the bogie is of the swing type without 
any lateral rigid supports for the engine frames, and without any 
controlling springs to the cradle ; but in the engines just put into 
service helical springs have been introduced to limit the swaying^ 
of the bolster. The engine, however, remains one of the most 
flexible existing, r^arded solely as a carriage, and is correspond- 
ingly easy on the light Italian permanent way. 

The cab has been completely modified. It is now as roomy 
as a very large railway-carriage compartment, and with only one 
doorway — situated no longer in front, but on the left-hand or 
driver's side. The whole of the right-hand side is occupied by 
the coal-bunker, which reaches to the roof, and is, in fact, filled 
from a trap in the roof over the boiler. The side bunkers have 
been shortened as a consequence of the increased height, and the 
general appearance of the engine is thus improved. The result 
is tliat the fireman, without ever changing position, has little more 
to do than to slide the coal into the firebox ; and through the 
large bay windows in front he can, likewise without shifting his 
position and with less fatigue, keep a better look-out for signab 
than is possible upon any other form of railway locomotive existing. 
The ventilation of the cab has been improved by the addition of 
an adjustable roof vane. 

These alterations of detail, although improvements of interest 
to the maintenance departments and to the enginemen, 
leave the engine unchanged as regards its power. The 
limit of weight per axle forbids the introduction of a larger 
boiler at present until heavier rails have been laid. This might 
be effected, even without awaiting reinforcement of the tracks, by 
the addition of a pair of trailing wheels, but such an arrangement 
would introduce that pivotal oscillation which this type of engine 
has the merit of avoiding. Digitized by V^TlOOQ IC 
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The primary object of reversing the boiler was to enable a 
deep and wide fire-box to be used and also a large ash-pan, and 
also without in any way being limited by the constructional gauge 
as would have been the case had it been attempted to place a 
wide fire-box right over the driving wheels — as is usually done 
with six-coupled express engines. As a direct consequence the 
cab was arranged in front 

The chief peculiarity of the cylinder grouping (both the 



Compound (4-Cylinders) Express Engine 

h.p. to one side and both the l.p. to the other) enabled two 
piston-valves to distribute to four cylinders, while preserving the 
advantage of being able to set each valve for a different given 
degree of cut-off, in accordance with the most advanced modem 
locomotive practice in a steam distribution. 

The elimination of two piston-valves is a saving of power, 
while variation of the valve travel for each group is attained just 
as in the most recent French engines (the p.l.m.), on which four 
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'• Adriatic " Type ; Southern Railways of Italy. 

piston -valves and four distinct valve mechanisms are employed. built by Breda and Co., Milan, and in this way a more perfect 

The casting of the cylinders, with crossed steam passages in the result is obtained than when groups of two cylinders are machined 

high pressure group, presents no difficulty after the details of the separately. To see if the castings be perfect they are first rough - 

work have been acquired, and out of 28 groups of high-pressure bored upon an ordinary American machine, 
and low-pressure cylinders cast recently only one was found All the locomotives of this type built this year were constructed 

defective. by Breda and Co., Milan, for after a long trial of Italian and German 

All four cylinders, the two outer horizontal and the two inner built engines the former were found to give better results, 
inclined, are now ream-bored simultaneously upon a machine — — ^^-^^— ^— ^-^— ^^ 
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The Condition and Defects of Early Wrought Iron 

Bridges. 

Ax examination of vvrought-iron bridg^es built in the earlier 
days of railways, besides revealingf the weakness general to 
l^irders which have to carry heavier loads than those for 
which they were designed, often brings to light local weak- 
ness, the result either of corrosion or unsatisfactory design. 
Corrosion is especially prevalent in districts subject to fumes 
from chemical or other works, and again in bridges which 
cross over a railway, the girders of which are thus subjected 
to the action of fumes from passing or standing engines. 

Careful painting or coating with other protective covering 
will accomplish a good deal, but much depends on the selec- 
tion of a paint suitable to the locality; a paint which affords 
efficient protection in one district will often prove unsatisfac- 
tory in another. 

Bridges consisting of light lattice girders such as station 
footbridges are particularly liable to corrosion. In the first 
place there is the liability of engines standing under them, 
and smoke-boards offer only partial protection. The girders, 
too, being made up of a large number of bars and angles of 
light section, offer a comparatively large surface to corrosion. 

Examinations show that wrought-iron is attacked more 
at the edges than on the surface of a plate or bar. This may 
be partly due to the liability of the paint to peel at the edges, 
but more probably to the nature of the material. 

This is illustrated by the curious effect of corrosion upon 
the stiffening tees on the webs of some girders, which, being 
boxed in at the top, held the smoke from passing engines for 
a considerable time. 

The stalk of the tee iron had swollen to an obvious extent, 
and with a chisel and hammer could be split into lamina with 
scarcely any effort. 

Another frequent cause of corrosion is a floor which allows 
water to trickle through and lodge on the flanges of the 
girders. Timber floors generally possess this defect, and even 
with plate floors, a bolt hole with the bolt missing or the nut 
loose may be sufficient to cause excessive stress locally as the 
result of the wasting of the material by corrosion. 

The webs of old wrought-iron girders, seldom very sub- 
stantial at the best of times, are very frequently found 
w^eakened by corrosion, and until the rust eats right through 
and leaves a hole, or the web buckles as the result of excessive 
stress, the damage is often unsuspected. Water coming 
through the floor generally runs down the web, leaving it wet 
and just in the state for water and oxygen combined to attack 
the iron. 

The water after running down the web settles on the sur- 
face of the bottom flange in a pool, and only at the edge of the 
pool can the two agents necessary to produce corrosion meet. 
This may be an additional reason why the edges of the flange 
plates are more excessively corroded than the surfaces. 

Excessive corrosion must always be a source of uncer- 
tainty in arriving at the strength of a girder affected by it on 
account of the difficulty in ascertaining the area of the section 
remaining sound. It is possible, too, that corrosion may have 
an effect upon the resistance of the metal remaining. 

Chief among the defects due to bad design are joints in 
plates and angles not properly covered, and in some cases it 
is a little difficult to determine the precise strength of a group 
of joint*: in the plates composing the flange. 



Many of the older girders have been built with a packing 
strip between the angles and the flange plates, which strip is 
replaced by a cover the full width of the plate where joints 
occur. In such cases, as there is often a second cover on the 
outside of the plates, the rivets are in double shear, and the 
strength of the joint covered in this way is generally ample. 

If the covers do not occur at or near the centre of the 
span, the area of the strip can be counted, in calculating the 
area of the section throughout which the maximum flange 
stress is divided, but when this is done it is necessary to inves- 
tigate whether the maximum intensity of stress occurs at the 
centre or at the joint in the packing strip nearest to the centre. 

In cases where the flange is composed of two plates it is 
not unusual to find joints in the inner plate covered by a 
single plate between the angles and the flange, and the joint 
in the outer plate covered by an external cover plate only. 
A modification of this arrangement, with the omission of the 
packing strip, is also found, and in this case the joints in the 
inner plate are only covered by two strips, one on each side 
of the angles, the combined area of which is considerably less 
than that of the plate. Such joints as these are a frequent 
source of weakness to girders in which they occur. 

The covers to joints in angles are frequently deficient both 
as regards the area of the angle cover and the number of 
rivets. The tables of the angle cover are of necessity less than 
those of the main angles, and unless the thickness is pro- 
portionately increased the area is of course less. In girders 
where the packing strip occurs the latter will make up for 
such deficiencies in the angle cover. It is a very generally 
accepted rule that a joint is satisfactorily covered when the 
rivet area resisting shear is at least equal to the area of the 
plate resisting tension. If there is one cover to two or more 
joints in different plates, the precise strength of each joint is 
not always easy to determine. If the plates are of the same 
section and the joints divide the cover into bays, through each 
of which an equal number of rivets pass, the area of this num- 
ber of rivets can be compared with the area of the plate as in 
a single joint. If, however, the plates are of different thick- 
nesses, or if the number of rivets between pairs of joints varies, 
a correct idea of the efficiency of the cover can only be 
obtained by examining the strength of the arrangement as a 
whole. 
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For instance, the joint sketched in fig. i may fail in four 
different ways, and each of these should be examined to see 
which offers the least resistance. 

(i). If the plate B fail at D and the rivets between D and 
C shear, the area of the plate B and the area of the rivets 
between C and D must be compared with the area of the two 
plates. 

Area of plates resisting tension = 2 x 24 ins. x f in. — tour 
i| in. holes = 2925 sq. ins 
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Area of plate B = 2925 4- 2 = 1462 plus rivet area be- 
tween C and D = 8 X 785 = 6*28 = 209 sq. ins., or a defici- 
ency of 835 sq. ins. 

(2). Considering the plate A to fail at E and the rivets 
between E and F to shear, there is in this case the same defi- 
ciency as in I. 

(3). If the rivets along the thick lines shear the total rivet 
area is 16 x 785 + 6 x 785 = 17*27 sq. ins. And the defi- 
ciency is 2925 — 1727, say 12 sq. ins. 

(4). If the rivets along the double lines shear the total 
rivet area is 16x785 = 12*56 sq ins., and this, the greatest 
deficiency, is 167 sq. ins. 

Some of the older wrought-iron girders have top flanges 
of cast iron, and, although the material itself is well suited 
to resist compression, a source of weakness exists in the con- 
nection of such flanges to the wrought-iron web plates. Some 
are bolted and others are riveted, and when the latter is the 
case cracks are often found. These are probably caused at 
the time of riveting, but possibly in some cases they are the 
result of excessive stress occasioned by the load on the 
girder. 

Fig. 2 illustrates an example of such a crack, which was 
not a solitary case, but occurred at several similar places in 
the girders composing the bridge from which tlie example 
is taken. 




Fig. 2. 

The top flange was in lengths butting, but not connected 
together except through the web, and the cracks were prob- 
ably caused by excessive bearing of the rivet on the casting 
as the result of the two castings not butting well together. 

It is very rare in old girders to find anything beyond the 
stiff'eners to indicate the presence of joints in the web plate, 
and even in modern practice it is very usual to consider an 
ordinary tee stiffener a sufficient cover to a web joint. Doubt- 
less in many cases such a cover is sufficient to resist the shear, 
especially at the centre where this is least. 

It is a very useful rule to reckon the flange as taking the 
stress due to the bending moment, and the web as resisting 
the shear, for purposes of calculation, but it should not be 
forgotten that a web plate with properly covered joints is 
capable of resisting the bending moment due to an appre- 
ciable proportion of the load, which may be averaged at 
10 % of the total. 

It is quite worth while to expend a small amount of 
material in proper covers to the web in order to obtain this 
useful reserve of strength, for which a future generation of 
railway engineers, who will perhaps have to deal with even 
heavier rolling stock than that in use at the present day, may 
be very thankful. 

For instance, in a large girder an outer strip of the web 
of the same width as the flange is not much nearer the neutral 
axis than the flange itself, and therefore will be nearly as 
severely strained. If the joints are as adequately covered as 
those in the flange it will sustain this stress and relieve the 
flange of a proportionate amount. Even as regards the stress 
due to shear, the webs of some old girders are weak and 
occasionally give way by buckling, especially where cross 
girders are connected to them, and introduce a tendency to 
bend the web. 



The cross girders in old railway biitlges are frequently 
inadequate for modern locomotives, and very generally 
strengthening has been necessary either by the addition of 
distributing beams or girders, or extra cross girders, or by 
the substitution of an entirely new floor. In cases where 
additional cross girders have been put in between the existing 
ones it has often been necessary to insert the new girders in 
two pieces and join them together when in position. When 
this is done great care is necessary to ensure the new girders 
taking a sensible portion of the load. Tests of the deflection 
of the old girders before and after offer the most satisfactory 
evidence as to whether they have been relieved sufficiently of 
the load they were originally carrying. 

The safe limit of stress for wrought-iron bridges is a 
figure open to question. The usual working stress is 5 tons 
per sq. in., or just about a quarter of the average breaking 
stress. 

The working stress for mild steel is generally taken at 
6*5 tons per sq. in. Beyond the elastic limit the materia! 
as strained in the girders of a bridge is not comparable with 
the test piece in the testing machine, and although the 
breaking stresses of mild steel and wrought-iron are roughly 
in the proportion of 3 to 2 the stresses at the elastic limits are 
far more nearly equal. In fact, in some tests which came 
under the writer's notice the stress at the elastic limit was 
higher for the wrought-iron than for the steel specimens. 

For the former the average breaking stress was 21 tons 
per sq. in., the stress at the elastic limit 166 tons per sq. in., 
and the average elongation in an 8-in. length 8' 2 % 

For the mild steel specimens the average breaking stress 
was 25*6 tons per sq. in., the average stress at the elastic 
limit 14*3 tons per sq. in., and the elongation in the same 
gauge length averaged 29*9 %. 

It might therefore be inferred that wrought-iron might 
safely be strained to as high a stress as mild steel, if it were 
not for the fact that wrought-iron is not such a reliable 
material as steel. 

The late Sir William Fairbairn, in an appendix to his book 
entitled ** Useful Information for Engineers," gives the re- 
sults of some tests conducted by him in 1838 upon wrought- 
iron plates and riveted joints, in connection with an enquiry 
into the use of iron plates for ship-building. These results, 
which indicate the nature of the material used in the early 
days of wrought-iron plate work, are very interesting* There 
is no indication given of the ductility of the specimens in the 
form of measurements of elongation, but the dimensions of 
the reduced section at fracture are given, and from these 
the percentage contraction of area can be calculated. This 
figure, however, is not very constant. 

The mean breaking stresses of difi'erent varieties of iron 
are given as follows : — 

Yorkshire plates, 0*22 ins. thick, 25 77 tons per sq. in* 

»> ji 0*26 „ „ 2276 „ „ „ „ 

Derbyshire „ 02 2 „ „ 21-68 „ „ ,. „ 

Shropshire „ 0*22 „ „ 22*83 i> n ,• ,. 

Staff'ordshire „ 022,, „ 19-56 „ „ „ „ 

Mean 2253 „ „ ., ,. 

In looking at this result it is necessary to note that the 
test pieces are somewhat thin, and to remember that modem 
experiments invariably indicate a higher breaking stress for 
thin than for thicker plates. 

The percentage contraction of area of the specimens of 
Yorkshire plates 022 in. thick was fairly constant, the mean 
being 20 %, but for the same plates 0*26 in» thick the contrac- 
tion of area was only 10%. Digitized by v^nOOQlC 
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The experiments on the strength of riveted joints indicate that the proper pro- 
portion of rivets is obtained when the area to be sheared is equal to the net area of 
the plate resisting tension. 

Comparing the strength of the ordinary test bars with those consisting of two 
plates riveted together, the results show that it is not necessary in obtaining the 
net area of the plate to deduct holes of larger diameter than that of the rivets them- 
selves. It would seem, therefore, that any damage done to the material in punch- 
ing was compensated for by the increased strength of a bar in which there are 
notches or holes to hinder local contraction. It must be added that the plates were 
only o*22 ins. thick, and thicker plates would be more likely to sustain injury from 
punching than such thin ones. 

The writer has not heard of any tests being made upon specimens of wrought- 
iron taken from old girders, but judging from the results of tests made upon strips 
cut from boiler plates which had been in use since 1859, it does not seem that wrought- 
iron at that time was of the quality, especially as regards ductility, that would be 
required at the present day. This is also indicated by the variation in the contrac- 
tion of area in Sir W. Fairbairn*s tests previously referred to. 
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Steam Motor Carriages; South-Eastern and Chatham Railway. 

In our Marsh issue we published an illustrated description of the new Steam Motor 
Carriages which Mr. Harry S. VVainwright, M.Inst.C.E., the chief mechanical 
engineer of the S.E. and C.R., has designed for service upon the Sheppey and other 
sections of his Company's system, and we are now able, by his courtesy, to produce 

an outline drawing which gives a better idea 
of the construction of these vehicles, which 
were built by Messrs. Kitson and Co., Ltd., 
Leeds, and the Amalgamated Railway Carriage 
and Wagon Co., Ltd., Birmingham, than the 
external view in our March issue. 

It will be seen that the carriage is inde- 
pendent of the engine, except that one end of 
it is supported on a centre carried on the engine 
frames. 

The boiler is of the locomotive type, having 

a barrel of 3ft. Sins. diam. by 4ft. 6ins. long, 

with its centre line 7ft. Sins, above the rail. It 

r / • \i i lAiX " l contains 167 tubes ifin. diam. It has sSi's 

^~^^M^ i ° ? ^ int ' ^. I ^^* ^^' ^^ heating surface, of which the tubes 

^ ^ •' ■ B !• I provide 337 sq. ft., and the fire-box 445 sq. ft. 

The grate area is SS sq. ft. The working pres- 
sure 160 lbs. per sq. inch. The water capacity is 
400 gallons and the coaJ capacity 15 cwts. 
Two ** pop " safety valves 2ins. diam. are fitted. 
The cylinders are outside loins. diam. by i5ins. stroke; the engine wheels, which 
are 3ft. 7ins. diam., are coupled; the valves are on the top of the cylinders and arc 
operated by the Walschaert gear. 

The carriage body is divided into three compartments, viz., for non-smokers, 
32 seats, 19ft. lofins. long inside; for smokers, 24 seats, 14ft. lojins. long inside; 
and for the guard, luggage, etc. , 6ft. Sins, inside. 

The vehicle can be controlled or operated from either end. It is provided with 
large side windows and is fitted with electric light. It is well ventilated by means 
of torpedo air extractors. Particular care has been taken to prevent vibration by 
cushioning the body on rubber pads. 

The wheel base of both the bogies is 8ft. 




The CM. Edwards Balanced Carriage Window. 

The annexed drawing illustrates the arrangement of the O.M. Edwards Co/s patent 
balanced window which is suit able for saloon and other railway carriages. 

It will be noticed that the balancing mechanism is more particularly intended 
for large drop-lights, and consists of a spring roller placed between the pillars 
as high as possible above the light, and which, by ihg^ tension of the 
spring it encloses, winds up a broad 
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attached to the top rail of the drop-light, /^ when the 
thumb-catch / is worked. The winding up of the band raises 
the window, but upon the thumb-catch being released the move- 
ment of the window is arrested and the light wedged tightly 
against the frame. The amount of tension on the spring is ad- 
justed by means of a light portable key which operates the worm 
wheel at c. 

Fig. 2 shows a perspective view of the mechanism, and the 
method of adjusting it by means of standard gauges. 

The window is operated from the sill by the finger pieces of 
the latch /, which are connected to flat bars dd^ pivoted at cc^ 



which engaging with small bell-cranks /, centred on the pin f, 
which is fixed to the bar // which is screwed to the pillar. The 
short arm of the bell-crank is connected to a light angle wedging 
bar /, this is coupled to the fixed bar h by inclined links mm. l*he 
wedging bars are normally thrown upwards and outwards by the 
spring ^, thus forcing the window frame outwards against the outer 
run or moulding. 

To open or raise the window the finger pieces of the latch are 
pressed together and the catch thereby withdrawn. This move- 
ment, also by means of the bars dd^ releases the wedging bar /, 
and the spring roller automatically raises the window, but the 



Fig. I. 



Fig. 2. 



The O.M. Edwards Balanced Carriage Window. 
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We&tern Australian Government Railways, 1903-4.'^ 

The Commissioner of Railways, Mr. Wm. J. George, in his 
annual Report upon the working* of the West Australian 
<^overnment Railways during: the year ended 30th June last, 
gives 1,755m. 5chs. as the total length of the lines open for 
traffic: of this mileage 2r3m. 58chns. are sidings. During 
the year ajjm. were opened for traffic. 

The Upper Darling Range Branch was purchased at the 
rate of ;^i,ooo per mile. The general condition of the line 
was extremely bad : banks and cuttings narrow, accommo- 
<iation and water supply insufficient, and appliances for safe 
working almost entirely lacking. During the year over 
;^^S,ooo was expended in work necessary to bring the line 
towards a proper standard of efficiency, and a further ;^6,ooo 
will have to be spent on the line. The effect of opening this 
line has been to divert from the Eastern Railway and the 
Smith's Mill Branch traffic which could have been worked 
more profitably on those lines. The main traffic (timber) has 
practically ceased owing to the area being cut out, and the 
consequent closing of the Canning Jarrah saw mills. 

It has been inadvisable to use the Collie-Collie Boulder 
Extension for through passenger traffic, owing to extensive 
undermining near Collie. Except for coal traffic, and a few 
local passengers, it is practically of little value for revenue 
purposes. .\n expenditure of, approximately, £1,000 is being 
undertaken to fill up the workings under the line in such a 
manner as to render the surface free from danger of sub- 
sidence. The coal traffic is unprofitable, as the Department 
is practically the sole customer of these mines, and all the coal 
required by the Department could have been obtained from 
mines at Collie, and so saved the expenditure and the cost of 
working. 

The main particulars of the year's working and the dif- 
ferences as compared with the prenous year's working are 
set out below : — 

Total amount debited, cap. account;^'8,955,929 
Average number of miles worked 1*535 

Cost per average mile worked ... ;65»^34 
Amount debited for interest at 4 % jC2gb,6jb 

Gross earnings ^ 1,588,084 

Working expenses ... ... ••;^i, 1791624 

iiurplus, earnings over wkg. exps. £^08^:^60 
Surplus, over wkg. exps. and int. ;£'i 11,784 
Perctage. of wkg. exps. to earnings 74-28 

Percentage of surplus to capital... 4*56 

Earnings per average mile worked ;6 1,034 
Working exes, per avg. mile wrkd. £7^^ 

Net return per average mile wrkd. £266 

Train miles run ... ... ... 4,594,234 

Earnings per train mile ... ... 8296d. 

Working expenses per train mile... 6r62d. 
Net return per train mile ... ... 2i*34d. 

Passenger journeys ... ... 10, 225,97(1 

Paying goods tonnage ... ... 2,032,740 

Departml. gds. tnge. (non-paying) 224,494 

Live stock tonnage ... ... 24,530 

Total tonnage, gds. and live stk.... 2,281,764 

Coaching revenue ... ... ... £4^2,4^^ 



(loods revenue (including live stk. );£,'i ,026,734 

Miscellaneous revenue ... ... ;^98,895 

Miles open 30th June (Main Line) 1,54^ 

Locomotives in traffic, 30th June... 329 

Passenger vehicles, 30th June ... 269 

Brake vans in traffic on 30th June 127 

Goods vehicles in traffic 30th June 5,632 

Do. equivalent in 4-wheel wagons 7»55i 



\^£Si^,i47 

H^ 101 

+ ^'156 
+ ^21,951 

+ ^'34o99 
— ;^68,249 
-}-^'i02,848 
+ ^'80,897 
—605 
+ •81 

—£102 

-^£S3 
— 17,081 
+ 2iid. 

— 3'33d. 

-^5*44^- 
-f 1,119,580 
+ 259.103 
+ SM82 
+ 3»'48 
+ 313*433 
+ ;625,223 
^^.-42,857 
— ^33*481 

+ 13 
+ 5 
+ 14 

•^51 

+ 63 



Persons employed on 30th June... 6,747 +5^6 

Avge. employed, exc. casual hands 5,616 — 2 

The result of working for the past financial year has been 
most gratifying. It has resulted in the largest return of 
profit on record since the Government has owned railways, 
and there are some other striking features to which attention 
may be drawn. The increased average mileage worked 
throughout the year has been 101 miles. The earnings have 
increased ;^34,599 and the expenses have decreased ;^68,249, 
a total credit of ;^io2,848. The tonnage figures, as well as 
the passenger journeys, show all round increases, which reflect 
the active condition of trade during the year. 

The details of the expenditure, together with the percent- 
age of revenue of each and the differences compared with the 
previous year's working, were :■ — 

Loco., carriage and wagon547,868 

Replacing obsolete rolling 

stock 33*787 

Permanent way ... ...236,089 

Traffic and jetty ... ... 306,998 

Compensation ... ... 3,940 

Electrical (including tele- 
phones and light) ... 22,487 

Signalling and interlock- 
ing 5,854 

Generally ... ... ... 22,601 



- 40*454 

— 20,699 

+ 4*119 

— 5*366 

-- 868 



3450 

212 

14-87 

1933 
025 



— 4*544 I 42 



% 
—3'37 

—1*39 
— 006 
-078 

— O'Oil 

—0-32 



693 
256 



037 
142 



05 
•02 



Total 



1,179,624 —68,249 7428 —605 



The sources of the revenue were ; 

Passengers 

Parcels, horses, carriages, etc. 

Cloak room 

Mails 

Goods and minerals 

Live stock ... 

Wharfage and jetty dues 

Rents 

Miscellaneous 

Total 



£ 

398,067 

64,388 

2,691 

19*340 

99^>*i75 
30*559 
40,215 
18,861 
17*788 



£ 

+ 17*345 
+ 7*878 
— 83 
-I- 9,669 

+42,744 

+ 113 

—22,448 

+ 3*694 
—24*313 



1,588,084 4-34,599 



*For previous year*.s repoii sec Railu*ay Eni^inecr for 1904. 



The decrease in working expenses is the result of careful 
economy in all branches, and also of the use on the heavy 
road, completed in 1902- 1903, of the heavy type of locomotive 
introduced by the late Mr. T. F. Rotheram. Notwithstand- 
ing the increased average mileage in operation, and the 
increased volume of business in every direction, train mileage 
has been decreased 17,081 miles. To this fact the general 
decrease in all branches may be attributed. The decrease 
(;^2o,699) in rebuilding rolling sttx:k is due to the completion, 
prior to 1st July, 1903, of an expenditure of ;^56,28o under- 
taken and spread over the years ending 30th June, 1902 and 
1903, in equal proportions. This was incurred for the pur- 
pose of bringing up to standard 1,399 old and crippled wagons 
which required rebuilding or repairing beyond ordinary main- 
tenance. 

Revenue shows satisfactory increases under practically all 
headings. The decrease from wharfage (;^'22, 448) is due to 
the fact of the Harbour Trust having controlled the wharves 
at Fremantle during the whole year, whereas in the previous 
year they controlled them only during the second half of the 
year. The decrease in miscellaneous items is due to an 
improved method of classifying reveruu;^ which has been 
adopted. It is worthy of ^^^j^^^J g^\Py^Q^[ former 
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years, that expenditure has had to bear the following : — 
Extra pay to station-masters, officers in charge, and night 
officers. Extra pay under industrial agreement relating to 
traffic wages staff, and others of the ways and works, elec- 
trical, and interlocking branches. Overtime payments to 
loco, running staff under industrial agreement. The opera- 
tion of the 8-hour day to practically all grades. Heavier 
maintenance charges on permanent way. 

The revenue-producing goods traffic consisted mainly of 
**Other Minerals,** such as bricks, road-metal, ballast, lime- 
stone, etc. ( 1 6*94% of the traffic); firewood (27*31%); locally 
grown timber (20*21%) and ores, slimes and tailings (904%). 

All particulars in which the cost of working the several 
sections of the systems are omitted. The reason for this 
important change is that the only means by which such expen- 
diture has been arrived at was on the basis of the expenditure 
per train mile; that is to say, if the total expenditure of the 
Department for the year, divided by the total train mileage 
run, showed a cost of (say) 5s. per train mile, and of that total 
train mileage 1,000,000 train miles had been run on (say) 
Eastern Goldfields R., then the cost of working the Eastern 
Goldfields R. was said to be ;^^250,ooo. It appeared that to 
publish statements of sectional expenditure based on such a 
rough and ready method was entirely misleading for any pur- 
pose of accurately considering results. In the case taken for 
example — the Eastern Goldfields R. — no account was taken 
of the payment of the goldfields allowances to every employee 
east of Yerbillon, averaging ;^20 per man per annum, nor was 
any debit made for the extra cost of fuel and other stores by 
haulage to Kalgoorlie or other distant dep6ts, nor for the 
cost of water, which is extremely heavy on this section as 
compared with districts nearer the coast. 

These charges, which are quite peculiar to this particular 
section, were merged into the whole expenditure, and, there- 
fore, in the tables showing sectional expenditure, not only 
was the expenditure of this particular section shown as being 
lower than it should be, but the cost of other sections was 
really increased by reason of the average expenditure per 
train mile throughout all lines (including the peculiar items of 
expenditure above referred to) being taken as the basis of 
calculation of expenditure. 

Locomotive coal mileage, which is treated as unproductive 
mileage and not included in train mileage, presents another 
phase of the question. The South-Western R., for instance, 
carries not only its own coal, but also coal for the Eastern 
and Eastern Goldfields R. as well, and the Eastern R. carries 
coal for the Eastern Goldfields R. as well as its own. But 
the debit made by taking the train mileage basis is exactly 
the same for coal used at Collie station as it is for coal used 
at Leonora. 

Water trains are similarly treated as unproductive 
mileage, and are not included when the average expenditure 
per train mile is arrived at; consequently no debit is made for 
the haulage of water, of which, in effect, by far the largest 
portion is incurred between Kalgoorlie and Leonora. 

The question of accurately arriving at sectional expen- 
diture, in fact, bristles with difficulties, but one thing appears 
to stand out prominently, and that is that, so far as the rail- 
ways of this State are concerned, the train mileage basis is 
unreliable and misleading for such a calculation. 

The sectional earnings are not subject to the same diffi- 
*:ulties as sectional expenditure, the calculation being a 



straight-out one, and the figures arrived at and published 
being quite reliable. 



Private Owners' 20-Ton Tank Wagone. 

In our issue for last February we published the standard specifi- 
cation for the construction of private owners' lo-ton tank wagons^ 
settled by the Clearing House Committee of which Mr. James 
Holden, M.fnst.C.E. (locomotive, carriage and wagon supennten* 
dent of the Great Eastern R.), is chairman, and to whose 
courtesy we are also indebted for the specification of the private 
owners' 20-ton tank wagons from which abstracts are published 
below. Those parts of the two specifications which are common 
to both are omitted. 

A list of the particular liquids which may be carried in these 
tank wagons will be found in the general railway classification of 
goods. 

The specification is dated 1904. 

The general regulations as to registration plates, inspection, test- 
ing, quality of material, &c., are the same as for ordinary private 
wagons, and which were published in our issue for October, 1903. 
The construction of the tanks may be varied by private owners 
under the same conditions that other private wagon bodies may be* 
Principal Dimensions, 

1. The length of tank outside not to exceed ... 2 ift. 6ins. 
The diameter „ „ ... 7ft. 3^1 ns. 

The length over headstocks to be 2 1 fl. 6inj^. 

Height of buffers from rail (unloaded) ... 3ft. sins. 

Centres of buffers apart 5ft. 8|ins. 

Wheel base not to exceed 12ft. oins. 

Diameter of wheels on tread not to exceed ... 3ft. 2ins» 

Tare, 

2. Tare not to exceed 11 tons. 
Tank, 

3. The tank is to be of the form shown on drawings herewith, 
and is to be provided with wash and stay plates. The barrel is 
to be made of ^\in. and the ends of ^in. Siemens' steel plates. 
The manhole at the top of tank to be provided with cover» 
pressure bar, and screw, so as to render the tank air-tight when 
the cover is closed. A horizontal bar indicating the level to which 
the tank may be filled is to be placed across the tank beneath the 
manhole at a height of yins. from the croi^Ti of the tank as shown 
on the drawing. The cover to have the following inscription cast 
upon it, " Tank must not be filled above bar below manhole.'* 
(Rest of this clause is the same as for lo-ton tank wagons.) 
Painting of Tank, 

4. The tank to be painted red and all writing to be in white. 
Under-frame, 

5. The under-frame to be of steel of approved quality {vids 
attached Specification*), and to the general design shown on the 
drawing. The minimum dimensions of the principal members 
are as follow : — 

Headstocks, solebars, 
middle - bearers, diago- 
nals, longitudinals, and 
tank side supports ... loins. by 3jin8. by fin. channel bars 

Trimmers 6ins. by 3 J ins. by Jin. „ „ 

Tank end support angles... 3ins. by 3ins. by Jin. angle bars 
„ supports ... 3ft. 3ins. by ift. lin. by Jin. plate 

„ side brackets ... 3ft 3ins. in length by |in. „ 
The whole to be so prepared that the ends have a good 
bearing upon the adjacent parts. 
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Fig. 2. Alternative Method of Securing Tank to Frame. 

Quality of Wrought Iron. 

6. Same as for lo-ton tank wagons. 
Drawgear. 

7. Same as for lo-ton tank wagons. 
Axle-guards, 

8. The body of the axle-guards to be made of 4ins. by 
2in. iron, and the wings of 2^ins. by |in. ; the bottom stay or 
bridle to be 2 Jin. by |in. The holes for the rivets are to be 
Ij^in. diara., and must be drilled. Each axle-guard must be 
securely attached to the frame by 7 rivets, 3 of which are to be in 
the crown, and 2 in each wing. 

Baits and Nuts, 

9. Same as for lo-ton tank wagons. 
Brake, 

10. Same as for lo-ton tank wagons. 
Buffers, 

11. Same as for lo-ton tank wagons. 



Fig, 3. Bearing Spring and Details. 

Buffing Springs, 

12. The buffing springs to be made of 14 plates of 3ins. by 
Jin . steel, and to be tested at the maker's worksby an Inspector, 
strictly in accordance with the Specification in clause 19 {vide 
Appendix! to this Specification). The spring buckle must be 
made of forged iron or steel, in accordance with the method 
shown in the detail drawing. 

Bearing Springs, 

13. The bearing springs to be made of 8 plates of 4ins. by 
|in. steel ; to have 6ins. of cambre, unweighted, and a wrought 
iron buckle 3 ins. by Jin. ; the plates to be secured in the buckle 
with a Jin. mild steel rivet in middle. They must be made of 
approved material, and be tested at the maker's works by ai 
Inspector, strictly in accordance with the Specification in clause 
19 {vide Appendix to this Specification!). 
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The bearing springs to be secured in position by bolts and 
nuts, as shown in standard drawings. 
Axh-boxes. 

14. Same as for lo-ton tank wagons. 
Tyres. 

15. Same as for lo-ton tank wagons. 
Axles, 

16. The axles to be made of Bessemer or Siemens' steel, and 



soundly welded throughout, and turned exactly to 2ft. Qins. diam. 

The boss to be bored out, and the wheel forced on the axle 
by hydraulic pressure of not less than 50 tons. No keys are to 
be used. 

If preferred, the body of the wheel may be of cast steel of 
approved design, the boss to be iijins. diam. ; other dimensions 
as above. 
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Fig. 4. Frame Details. 20 
to be subjected to the tests set forth in clause 20 {vtdt Appendix 
to this Specification!). Wrought iron axles may be used if 
preferred, subject to the tests set forth in clause 21 (v/de Appendix 
to this Specification!). 

The axles to be 6ft. 6ins. in length from centre to centre of 
journals, 6|ins. diam. through the boss of the wheel, and gradually 
tapered to 6ins. in the centre. 

There must be no shoulder on the axle behind the boss. 
The journals to be loins. long by 5ins. diam., and the whole to 
be strictly in accordance with the drawing. 
IV/iee/s, 

1 7. The body of the wheel to be made of wrought iron to the 
Specification attached.* The boss to be 6^ins. through and 
I ft. oiin. diam. The rim to be not less than i^ins. thick. 



t Published in Railway Engineer for February, 1 905. 
* Published in Raihvay Engineer for October, 1903. 



Ton Private Owners* Tank Wagon. 

Stamping of Ironwork and Steelwork. 

18. Ironwork and steelwork to be stamped distinctly with the 
name or initials of the owner. 

The manhole, cover, loading bar and valve details are the 
same as for the 10 ton private owners' tank wagons (see RaUuuzy 
Engineer^ March, 1905). 

The drawbar hooks and couplings, drawbar plate, drawbar 
cradle (except length which is aft. 6in. inside), the intermediate 
drawbar, auxiliary draw spring and washer, wheels, tyres, axles 
axle-boxes, buffer and buffing spring, buffer guides and buffing 
spring shoe, axleguard and stay, and buffing spring cradle are the 
same as for the 20 ton private owners* wagons (see Railway 
Engineer^ October, 1903). 

The horse hooks (except the holes which are |^iii. in 
diameter, and the flanges, which are Jin. thick instead of |in ) 



are the same as for the 
Railway Engitieer^ Decembe 



15 ton private owners' wagpns^5««| ^^ 
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The Campbell Reinforced-Concrete Sleeper, 
Joliet and Eastern Railway. 



Elgin, 



Table I. — Proportions and Age of Concrete 



New Use for Old Boiler Tubes. 



Mr. R. B. Campbell, general manager of the Elgin, Joilet and 
Eastern R., has designed a reinforced-concrete sleeper which has 
been under test on that railway for some time. The section of 
the sleeper is rectangular, yins. wide and 6in. deep, with the 
corners bevelled off. Under the rails the sleeper is widened to 
loins. The length of the sleeper is 8jft. The reinforcement 
consists of two scrap boiler tubes of 2jins. outside diameter (or 
one 3ins. tube), and 7ft. long, laid side by side, so that their ends 
overlap yjins. An additional reinforcement of common wire 
netting is placed around the tubes, as shown in the accompanying 
illustration, and a piece of heavy wire netting 6ins. by Sins, is 
inserted in slots in the tubes, directly underneath the rail seats. 

The bearings for the rails consist of sole-plates, and the 
fastenings of U-bolts which pass through the tie from underneath, 
extending up through the tie plate and screwed down upon clips 
which hold tbt rails in place. 

The cost of manufacturing this tie in quantities is estimated 
at $1.50 to $1.75 each (6s. 3d. to 7s. 3jd.). Switch sleepers 
can be made of the same general design as ordinary cross 
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All except Nos. 13 and 16 were reinforced with wire netting. 

Nos. 10, II, 14, 15 and 16 had one 3" diam. outs, tube and 
the rest two tubes 2\" outs. diam. 

The ** Universal " brand of cement was used for all except 
No. 4, in which the ** Alpha " brand was used. 
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The Campbell Reinforced Conciete Tie. 



] been observed. They have maintained the line in good 

il surface and line, and apparently the frost has not 
affected them in the least. 
Sixteen of these sleepers were subjected to breaking 
tests in a Reihle testing machine, and although they 
were cracked, they could still be 
-T*" -«r— -'•y — ip^*^-* <A| used in the line, as they had bear- 
^'^r "^ - ^^ ^'" - — J ing enough to support the traffic, 
..•/W/.-V- '^ and the reinforcing of the sleepers 

holds the rails to gage. 

Table I. gives the proportions 
of the concrete tested. 

All but Nos. 5, 7, 8 and 13 
were tested by inverting the sleeper 
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Results of tests made of the Campbell Concrete Sleeper^ at Hammond^ on Riehle Testing Machine, 
Table II.— Sleepers inverted and supported at the rail seats on blocks 3 Jin. by 4fin., 5ft. centres apart Pressure applied to a central plate, resting on 
bottom of sleeper, 11 Jin. by loin. 

Deflection of sleeper in decimals of an inch. 

1000 SOOO a00O4O0O 4200 4400 4000 4800 6000 6800 6400 6000 5600 6000 6900 6400 0000 6800 7000 7900 74i« 7000 78^ 

lbs lU Ibi lU lU lbs lb« lb« lbs lU Ibt lb« lbs Ibi lU lbs lb« lbs Ibi lU lb« lbs lb« lbs lbs lb« lb« lb« lb« lbs Iba lb« lb« 

16 '021 046 -071 '101 '111 'llO '130 -136 '160 -163 '167 '177 '177 181 195 -906 '911 '918 '918 •'945 '946 '986 "966 '980 '980 '994 '819 '332 '848 360 '399 -415 t 

II '060 068 '198 -190 '206 '909 *916 >991 *931 '960 '960 *27l '289 303 390 '345 '854 '880 '404 '434 '461 '511 f 

9 -019 034 066 169 162 171 176 •183 194 '206 '914 '929 941 '956 979 310 '349 '491 t 

3 '089 071 -119 -170 '186 '200 '990 '989 -946 •'979 '320 '496 t 

4 '019 088 '076 "199 '139 '140 '149 •'159 '188 '900 '999 '800 ♦ 
1 'O90«'O4O '086 '\hh -170 '900 '290 -960 '270 '300 '8'iO t 

9 -081 012 '065 079 'IJO 'IW '220 '276 306 '440 t 

« '098 '066 '119 •'193 '220 '256 '286 '825 '365 '436 i 

16 '031 060 '160 •'2r» '285 '286 '299 '808 '361 '488 t 

19 '095 '069 '141 '235 '276 '318 '851 '436 t 

14 '151 M84 -456 t 

10 -087 -009 109 + 

* SUgbt onusk appeared. f Broke. 

Tablb III.— Sleepers supported as before, but load applied through a wrought iron beam lo blocks 9ins. from ends of sleepers, resting on bearing plates lojins. 

by iijins. 
Deflection of tie in decimals of an inch. 
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•445 
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'479 
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•509 -591 



lb8. 
'512 



lbs. 



• Broke. 



sleepers, the principal difference being the preparation of molds 
for the sleepers of differing dimensions. On 7th September last 
65 of these sleepers were placed in one of the main switching 
leads of the E., J. and E. Ry., where they have been subjected to 
the heaviest service possible, and no failure or deterioration has 



supporting it at the rail points and applying the load at 
the middle. The supports were 5ft. apart centre to centre, and 
consisted of blocks 3 Jins. by 4 Jins. The results are shown in 
Table IT. Loading was begun at i,ooolbs. and increased at the 
rate of i,coolbs. up to 4,ooolbs., after which the increments were 
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reduced to 2oolbs. and continued to the breaking point. No. 15 
gave the best results, breaking at 9,8oolbs., with an observed 
deflection at 9,6oolbs. of o*4i5in. No. 10 was the lowest, the 
break occurring at 4,ooolbs. Nos. 3 and 4 broke at equal loads, 
as did 2, 6 and t6, and 12 and 14. 

Nos. 7, 8 and 13, see Table III., had the pressure applied 
9 ins. from each end of the inverted sleeper, supported, as before, 
at the rail points. The results show No. 8 to have broken at 
14,200 lbs., with a deflection of o'572 in. ; No. 13 at i3,ooolbs., 
deflection o' 1 04in. ; No. 7 at ii,40olbs., deflection o'465in. 

No. 5 was subjected to a crushing test at the rail point, 
the pressure being applied to a plate lo^ins. by iijins. on top 
of the inverted sleeper, which had a plate 4 J ins. by i2jins. 
beneath it, next to the sole-plate. At 8o,ooolbs. a crack 
appeared on one side running vertically through the sleeper. 
Crushing came at ioo,ooolbs. The crushing test given to No. 5 
was interesting, as it showed that the sleeper resisted a crushing 
load of over 1,350 lbs. per square inch. 

For the above illustration and particulars we are indebted 
to the Railway and En^ifieering Review, 



angles to it. The two levers D, D are coupled together by a link 
E, so arranged that the outward movement of either lever — such 
as would take place when the lever is moved to disengage it from 
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Recent Patents relating to Railways. 

These abridgements of recently published speciflcations are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C., 
from whom copies of the specifications can be obtained at an 
uniform price of 8//. each. 

Electric Contact-Makers for Signalling. 9377* 
2jrd April, 1904, S. P, Wood and McKent'e attd Hoi/and, 
Ltd,^ Vulcan Iron WorkSy Worcester. 

Relates to an electric treadle or contact-making device, principally 
intended to be operated by the depression of the rail on which a 
train is standing or travelling. A box 10 in which the contacts 5, 6 
and terminals 7, 8 are mounted is covered by a flexible diaphragm 
4 of rubber or other material carrying a projection 18, adapted to 
be acted upon by arms 19, pivoted at 20 on the pedestals 21. 



its rack — imparts a similar outward movement to the other lever, 
thereby also disengaging it from its rack. A spring or springs, 
such as F, may be employed to retain the levers D, D in contact 
with their racks Y, Y. {Accepted i6th March, rgoj^) 

Frames for Carriage Seats. 7,164, 2sth March, 1Q04. 
A, E, Morgan^ 112, Broadu*ell Road, Oldbury, Worcester. 





According to this invention a seat end frame for the combined 
seats and seat backs of railway carriages, tram cars or other cars 

^ ^ *» .^^'-^ ^^ _-^ 



When the train or vehicle depresses the rail 3 the outer end of 
the arm 23 acts on the ends 25 of the levers 22, which operate the 
arms 19, causing them to bear against the projections 18 and thus 
close the contacts. {Accepted gth March, ipoj) 

Brakes, Wagon. 9,^26. 2gth Apnl, 1904. F. L. 
Martineau, 43, Westcroft Square, Hammersmith. 
The brakes are operated by the rocking action of a shaft X 
mounted centrally between the wheels of the vehicle and parallel 
to the axles. On each end of the shaft is fixed a block B, to 
which is pivoted by pivots arranged at right angles to the axis of 
the shaft X, a box C formed in two parts clamped together by 
bolts c, c as shown. To each box C is fixed an operating lever D, 
the free end of which is provided with a suiubly shaped handle d, 
and is adapted to engage a rack Y of the usual type for retaining 
the brakes in their operative positions. By pivotmg the operating 
levers at right angles to the axis of the shaft X the levers are free 
to rock both around the axis of the shaft X and also at right 




»i«(. Jr-ny ; nrnur » V^ I 



having a passage up the middle, is formed of trough section sheet 
metal stampings .\ and F, supported by the stamped sheet metal 
legs BS B*. The parts are shaped and arranged as shown in the 
illustration. {Accepted 2nd March, igoj*) 

Brakes, Wagon.— //jpa 20th May, 1904, A. S, Nelson 
0/ the firm of Hurst, Nelson and Co., Ltd., The Glasgow Rolling 
Stock and Plant Works, Motherwell, Lanark. 
This invention relates to either side brakes and comprises a rock 
shaft A carried in bearings B transversely of the under frame of 
the wagon W and having secured on its ends at each side of the 
wagon body a weighted hand or foot lever C similar to that used 
in operating railway switches, and projecting upwardly from the 
shaft A. The cross shaft A has fixed on it at suitable points under 
the wagon, lever arms D having projecting pins d which, when > 
either weighted lever C is pulled over to apply the brake, are ^ 
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brought to bear on the back of the brake blocks £, or (as shown 
in figs. I and 2^) of the links F from which the blocks are sus- 
pended, or on rods or links connected to the brake blocks or their 
actuating levers. The throwing over of the weighted lever C at 
either side of the wagon is effected by hand, and pressure may be 
further applied by the attendant mounting the wagon and placing 
his foot on the lever end which is then brought into a nearly hori- 
zontal position. The brake remains applied until the attendant 
throws back the weighted lever C over the pivot formed by the 
cross shaft A whereupon the weight carries the lever downward to 
a nearly horizontal position on the opposite side, and a second 
lever arm G, or set of arms on the cross shaft A and having pro- 




jecting pins g, is brought to bear against the inner side of the 
brake block links or levers F to lift the brake blocks off the 
wheels. In the modification shown at figs. 3 and 4 the weighted 
hand lever C on the cross shaft A has on it a projecting stud c 
which enters a slot A in 2l lever H which takes the place of the 
ordinary brake lever. In this case the hand lever C is shown in 
the position for freeing the brakes, but by throwing the hand lever 
to the right to bring the stud c to the opposite end of the slot h 
the lever H is depressed and the brakes applied. {Accepted 23rd 
March^ igos.) 

Vacuum Brakes. 12^32- 6ihjune, 1^04, The Westing- 
house Brake Co,, Ltd,, iuri J, J, Elmer ^ 82 y York Road, Kin^s 
Cross, London, 

This invention provides means for automatically cutting into and 
out of operation the exhaust pump, ejector, or other device em- 
ployed for creating the necessary vacuum in the brake apparatus, 
according as the vacuum rises above or falls below a predeter- 
mined degree. A casing is formed with three chambers, i, 2, 3, 
each of which in provided with a flexible diaphragm dividing the 
chamber into two parts. To the diaphragm 6 in the lowermost 



respectively, both of which communicate through two sets cf 
passage ways 18, 19 (see fig. 2) with the chamber i on the 
under side of the diaphragm 6. The valves 14, 15 are adapted to 
be opened and closed by the movements of the diaphragms 7 and 
8 and are provided with springs 20, 21 tending to hold the valves 
to their seats. Leakage passages 22 and 25 are provided leading 
from the atmosphere to the upper side of the diaphragms in 
chambers i and 2 respectively, and an orifice 23 is provided lead- 
ing from the atmosphere to the under side of the diaphragm in 
chamber 3. That part of the chamber 2 below the diaphragm is 
connected by means of a passage or channel 24 with that portion 
of the chamber 3 which is above the diaphragm 8. Chamber 2 
on the under side of the diaphragm is connected at 26 (see fig. 
2) with the train pipe of the brake apparatus. In the position 
shown the degree of vacuum existing in the train pipe is less than 
the normal, and the switch is consequently closed and the ex- 
haust pump in operation to raise the degree of vacuum. Under 
these circumstances the pressure in the chamber 2 on the under 
side of diaphragm 7 assisted by the spring 11 is sufficient to raise 
the diaphragm so as to maintain the valve 14 closed and com- 
munication between the chamber 2 and the lowermost part of 
chamber i through the chamber 16 and passages 18 and 19 is 
therefore cut off. The combined forces of the spring 12 and the 
pressure on the upper side of diaphragm 8 are, under the condi- 
tions mentioned, sufficient to force down the diaphragm 8 and 
open the valve 15, thereby establishing communication between 
the chamber i on the under side of the diaphragm and the atmos- 
phere through the second set of passages 18, 19, chamber 17, 
value 15, chamber 3 and orifice 23. The pressures on either side 
of the diaphragm 6 being therefore atmospheric the spring 5 will 
force the stem 4 in an upward direction to that position in which 
the switch is closed and the electric circuit to the motor completed. 
{Accepted 2jrd March, igoj.) 

Vacuum Brakes. 27,294, I4fh December^ 1904. J, W. 
Cloudy 82^ York Road, King's Cross, London. 
This invention has reference to apparatus as described in Patent 
No. 14,318^*, in which a reservoir external or supplemental to 
the brake system, normally containing air at atmospheric pressure, 
is arranged to be put into communication with the train pipe 
when the brakes are to be applied. The communication is 
controlled by a valve to which the present invention relates. The 



chamber i is attached a stem 4 surrounded by a spring 5 so ad- 
justed as to tend to move the stem in an upward direction. The 
movement of this stem serves to open and close a switch for cutting 
into and out of operation the electric motor operating the exhaust 
pump. The diaphragms 7, 8 in the upper chambers 2, 3 are also 
provided with stems 9, 10 and springs it, 12. The spring ix is 
arranged so as to tend to move the stem 9 in an upward direction, 
while the spring 12 is so adjusted that it lends to force the stem 
10 in a downward direction. In the lower parts of the chambers 
2, 3, valves 14, 15 are arranged adapted to control communication 
between the chambers 2, 3 and two further chambers 16, 17, 



interior of the valve casing is divided into two parts by a partition 
5 having a port 6, with which co-operates a slide valve 7 opera- 
tively connected through a pin 8 with a stem 9 attached to a 
diaphragm 10, which divides the interior of the casing i from an 
operating chamber 1 1 ; the diaphragm 10 is normally maintained 
in the position shown in the drawing by springs 12, 13. In 
addition to the port 6, the partition 5 is provided with a port 14 
connected through a pipe 15 to the operating chamber 11, and 
adapted to co-operaie with a port 16 in the slide valve 7, port 
16 being provided with a small cavity 17. The casing com- 
municates with the atmosphere through a port 19, and there is 
provided a small amount of clearance between the slide valve 7 
and the portion of the casing containing the atmospheric port as 
indicated as 20. The operating chamber 1 1 is connected through 
the pipe 21 with the brake cylinder, the entrance to the pipe 
being opened and closed by a projection 22 from the stem 9, 
which is carried by the diaphragm 10, the projection having a 
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channel 23 co-operating with an orifice 24 in a tube surrounding 
the stem. On a sudden small increase of pressure being made 
in the train pipe, the diaphragm 10 is moved against the pressure 
of its controlling spring 1 2 and carries with it the slide valve 7, 
which opens communication between the train pipe 2 and the 
supplementary reservoir through the port 6. The atmospheric 
port 19 being covered by the slide valve, air from the atmosphere 
can also pass into the supplementary reservoir or into the train 
pipe through the small clearance space 20. At the same time 
the operating chamber is connected with the atmosphere through 
pipe i5i ports 14, 16, and the clearance space 20 and port 19, 
also the plunger 22 covers the entrance to the pipe 21 and thereby 
closes the connection between the brake cylinder and the 
operating chamber 11. The pressure in the operating chamber 
will therefore rise to that in the train pipe by reason of air 
entering from the atmosphere through pipe 15 until it becomes 
approximately equal to that in the train pipe, whereupon the 
spring 12 moves the diaphragm 10 back to its normal position, 
thereby closing the port 6 and permitting the supplementary 
reservoir to become fully charged through the atmospheric port 
19. When a large increase is suddenly made in the pressure in 
the train pipe, the slide valve 7 is moved to the limit of its travel 
compressing the spring 13 as well as the spring 12 and opens the 
train pipe and supplementary reservoir to the atmosphere through 
the port 19 at the same time air from the atmosphere is admitted to 
the operating chamber 11 through port 16, cavity 17, port 14 and 
pipe 15, and as soon as the pressure in the operating chamber 
approaches sufficiently near that in the train pipe, the springs 1 2 
and 13 will operate to return the diaphragm 10 and slide valve 7 
to their normal positions. It will be seen, however, that owing 
to the small size of the cavity 17 in the slide valve the flow of 
air to the operating chamber is restricted and the rise of pressure 
in this chamber retarded, by which means the return movement 
of the diaphragm 10 and valve 7 to their normal positions will be 
delayed long enough to ensure the desired acceleration of the 
full application of the brakes. After the diaphragm 10 is 
returned to its normal position, the pressure remaining in the 
operating chamber 1 1 can be withdrawn through port 24, passage 
23 and pipe 21, by way of the brake cylinder when the brakes 
are released. {Accepted jofh March, ipoj,) 

Buffers. Ji,g62, 26ih May^ 1904. IV, Gatwood^ general 
manager of The Steel Railivay Jourfial Box Co,, Ltd,, Pendleton, 
Manchester, 
Buffer spring shoes or casings are formed from a single wrought 







iron or steel plate, or from two plates, by first heating and then 
pressing the plates to the required shape. When one shaped 
metallic plate only is used to form the body of a shoe it is bent or 
folded by mechanical means around a metallic mandrel, the 
required number of holes are then drilled or punched through the 
flanges of the blank to enable them to be secured against each 
other by iron or steel rivets, a cylindrical, a square or other shaped 



longitudinal hole being formed between the sides of the shoe- 
body according to the transverse section or outline of the end of 
the buffer-rod it is intended for. If two pressed or shaped 
metallic plates are used they are placed back to back or their 
flanges against each other, the required number of holes drilled or 
punched through such flanges and rivetted together. A suitably 
shaped metallic bearing plate is then rivetted against one end of 
the shoe-body between their wings and a pin hole or cotter hole 
drilled or punched in desired position transversely through the 
side of the shoe. {Accepted joth March, 190J,) 

Railway Bridges. rij40, 14th May, 1^4, A. h, 
Geen, Kingsthorpe, The Avenue, Berrylands, Sttbiton, 
According to this invention, the rail and girder or joist, in short 
span bridges, are rolled in one piece. The joist is erected as part 
of the structure of the bridge in the usual way ; the head and the 
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web of the rail being integral with the joist and presented upper- 
most. When the joists have been fitted the railway track is 
already laid, the joists being erected in such position that the rail- 
forming portions are in line with, and form a continuation of, the 
rails leading up to the bridge. {Accepted 2jrd March, IQO^,) 

Couplings, Automatic. 9,8jj, 2Qth April, 1904, F. 
M, Harvty and H, C, Harvey, j, Trewartha Terrace, Penza na, 
Cornwall, 

A plunger A is either mounted in a separate casing or connected 
with the ordinary buffers. It is connected with the buffer stems 
through a bar h, and carries a pivoted lever D, from which a 
coupling chain of ordinary form is suspended by links d} con- 
nected to the outer link e of the coupling. The link e is raised 





s^ 



into the coupling position by operating a transverse shaft d^, 
provided with a lever arm a^ which is connected with lever D by 
a chain d^. This chain also carries a counter weight for the 
lever D. To retain the lever D in the coupling position, a catch 
a is provided attached to the plunger A, and with this catch 
engages a lever d^ formed on the shaft d^. The catch is so arranged 
that, when desired, it may be held out of position for engaging 
with the lever //^ For this purpose the end of a chain d^^ is 
attached to the catch a, whilst its opposite end is connected to a 
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shaft d^^ provided with levers </^ d^^ by which the shaft is vibrated 
and the catch a held out of position for engaging the lever ^. 
To prevent the free end of the coupling-link e rising to such an 
extent as to strike the head d of the pivoted lever D, there 
IS formed on either side of the link a projection ^ adapted to 
contact with stops ^, one on each of the suspending links //* d^. 
Stops ^ are also provided on the head d of the lever D, so that, 
when the latter is raised into operative position for coupling, the 
suspending links d^ d^ contact with the stops e* and hold the 
coupling link in position for coupling. For the purpose of un- 
coupling, a chain or chains may be connected to the pivoted 
lever, and pass, by way of suitably disposed guide pulleys, to the 
sides of the wagon. By pulling one of the chains, the head of the 
lever may be lifted together with the coupling link, thus releasing 
the latter from its hook and affecting the uncoupling of the wagons. 
The automatic coupling is effected, on two vehicles coming 
together, by the action of the buffers which cause the plunger A 
and lever D to be drawn back thus releasing the lever from its 
catch. {Accepted i6ih March^ ^905^) 

SPECIFICATIONS PUBLISHED. 
1904. 

2999. Manufiicture of brasses or bushes for bearings. Toiosod and Hanna 

5064. Electric and automatic working of signals, points, and crossing 
gales. Daboo. 

5274. Coupling connbined with brake connector and valve opener. 
Williams and Williams. 

5634. Switch point and frog for the overhead equipment of electric 
traction. Bonthrone. 

6738. Antifriction mechanism for trucks and other vehicles. Cross 
(Rinuy). 

7164. Seat frames. Morgan. 

7428. Apparatus for electrically operating railway and tramway points. 
Tierney and Malone. 

8064. Working of single lines on the electric stafi[or other electric systems. 
Jacobs. 

8244* Apparatus for placing tramcars or like vehicles on or removing them 
from the rails. Jones. 

9235. Sand t)ox for tramcars and locomotives. Shaw and Kidman. 

9377. Electric treadles or contact makers for railway signalling. Wood 
and Mackenzie and Holland, Ltd. 

9540. Tramway points. Ed|ar, Allen and Co., Ltd., and Robinson. 

9654. Means for stopping trams independently of driver. Schreiner. 

9657. Brakes for tramcars and similar vehicles. Fidler. 

9743. Locks for carriage doors. Galley and Bolt and Lock Syndicate, Ltd. 

9826. Wagon brakes. Martineau. 

98^3. Wagon couplings (automatic). Harvey and Harvey. 

9985. Crossings specially applicable for the intersection ot tramway lines 
with those of small railways. Hettstedt. 

10021. Fluid pressure brake systems. British Thomson-Houston Co., 
Ltd. (General Electric Co.) 

10545. Point and signal apparatus. Dutton and Mackenzie and Holland, 
Ltd. 

10812. Overhead trolleys or collectors for electric tramway and railway 
vehicles. Blaney. 

10877. Fluid pressure brakes. British Thomson-Houston Co., Ltd. 
(General Electric Co.). 

1 1 14a Railway bridges. Geen. 

1 1 195- Beatings for railways and like cars. Dorn. 

11287. Destination or route indicators. Walker. 

1 1 590. Wagon brakes. Nelson. 

1 1591. Means for opening and closing bottom doors of wagons. Nelson. 
1 1647. Fog-signalling apparatus. Clayton. 

11962. Buropg spring shoes. Gatwood. 

1 2143. Portable tramways or railways. Pinkerton. 

1253a Rail joints. Ambert. 

12752-3. Pneumatic brake apparatus. Westinghouse Brake Co., Ltd., 
and Elmer. 

1 506 1. Signalling apparatus. Thompson (Weather ley Electric and 
Manufacturing Co.). 

17025. Brake blocks. Haddan (Lachaud). 

17083. Brake. Fgetz and Salzberger. 

18750. Street railway cars. Goehring. 

223CI. Dumping wagons. Morgan. 

22781 » Car couplings. Gudich. 

22826. Lock nuts. Beckett. 

22839. Method of supporting overhead wires of electric tramways. Allen. 

24295. Signals. 0*Driscoll. 

24352. Vacuum brakes. Cloud. 

251 18. Safety device for stopping trains. Knom. 

27294. Vacuum brakes. Cloud. 

27686. Rail ties or sleepers and fastenings. Anderson. 

28060. Locomotive tube boilers. Schmidt. 

29509^ Lock or safety catch for carriage doors. Fondu. 

1905. 
152. Automatic block signalling system. Richardson. 

25S0, Fluid pressure brakes. Turner and Blackall. 

2757* Passenger vehicles. Sergeant and Lindall. 



Proposed New Regulations for the Use of Loco- 
motives and Wagons on Lines and Sidings in 
connection with Factories and Worshops. 

The Home Secretary has issued a draft (printed below) of the 
regulations which he proposes to make under Section 79 of the 
Factory and Workshop .\ct, 1901, for the use of locomotives and 
wagons on lines and sidings in or in connection with premises 
under the Act. The regulations are not in their final form but 
in draft only, and subject to revision if found desirable. 

The Secretary of State has considered it necessary to certify 
this description of work as dangerous, and to frame regulations 
in view of the large number of accidents in the United Kingdom 
in connection with the use of locomotives or other moving railway 
plant which have been reported in recent years on premises 
under the Factory Act. The following is the number of accidents 
reported to the Inspectors of Factories during the years 1902 
and 1903 : — 

Factories and p^^ ^^ totals. 
Workshops. 

Year. Fatal. Non-&tal. Fatal. Non-faUl. Fatal. Non-fatal. Totals. 

1902 75 403 19 95 94 499 593 

1903 52 442 17 76 69 518 587 
Totals 127 84s 36 171 163 1,017 i»i8o 

These figures, in the opinion of the Secretary of State, 
suflftciently indicate the need for further precautions being 
observed, and the Secretary of State thinks that the code which 
is now being issued in draft is reasonable, and when carried out 
is likely to reduce very considerably the number of accidents. 

The use of locomotives in factories was eni^uired into by the 
Departmental Committee on Dangerous Trades in 1896, and the 
chief sources of danger were indicated in their Report* (pages 13 
and 14). At that time, however, there was no power to deal 
with accidents occurring on lines or sidings used in connection 
with a factory but not forming part of it. This power has now 
been given in regard to all such sidings, excepting those which 
form part of a railway under the jurisdiction of the Board of 
Trade, by Section 106 of the Factory Act, 1901. The draft 
r^ulations are based in the first instance on the recommendations 
of the Committee, but since their Report much further careful 
enquiry has been made and additional information collected, and 
the Secretary of State has also had the advantage of consulting 
with the advisers of the Board of Trade and of examining the 
regulations made by the Board under the Railway Employment 
(Prevention of Accidents) Act, 1900. So far as possible where 
the regulations deal with a matter already dealt with in the 
Board's regulations the same terms have been adopted. 

The regulations will apply to : — 

(tf) All lines and sidings in a factory or workshop, or in 
any dock or other place or premises to which Section 
79 of the Act is applied. 
(b) All lines or sidings used in connection with any factory, 
workshop, or other such place as aforesaid, and not 
being part of a railway used for the purposes of 
public traffic. 

If objections of subsUnce are taken to the proposed 
regulations printed below either by the occupiers, or the work- 
people, or by any other persons affected, these objections will 
under the statute be the subject of full enquiry by a competent 
person appointed by the Secretary of State, and the report of the 
person holding the enquiry will be considered by the SecreUry of 



• This Report (C. 8149) may be obtained, price 3id., from Messrs. 
Wyman and Sons, Fetter Lane, E.G. 
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State before the final regulations are made At the enquiry 
employers, owners, occupiers, and workpeople, and all others 
concerned, will be entitled to a full hearing. 

If therefore any person desires the regulations to be further 

considered, he should lodge objection in accordance with Section 

80 of the Factory and Workshop Act, 1901, and in pursuance of 

that section the Secretary of State gives the following notice : — 

That he proposes to make regulations, dealing with the 

use of locomotives and wagons on lines or sidings in or in 

connection with premises uuder the Factory and Workshop 

Act, in accordance with the enclosed draft, copies of which 

may be obtained on application to the Factory Department, 

Home Office, London, or at the local offices of the 

Inspectors of Factories, and that any objection with respect 

to the draft regulations by or on behalf of any person 

affected thereby must be sent to the Secretary of State 

within 40 days from this date. Every such objection must 

be in writing, and roust state (n) the draft regulations or 

portions of draft regulations objected to; (d) the specific 

grounds of objection ; and (c) the omissions, additions, or 

modifications asked for. 

Regulations for use of Locomotives and Wagons on Lines and 

Sidings in connexion with Factories and Workshops, 

It shall be the duty of the occupier or occupiers to comply 

with Regulations i, 2, 3, 4, 6, 13, 14, 16. 

It shall be the duty of the occupier or occupiers and of all 
agents, workmen, and persons employed to comply with Regula. 
tions 5, 7, 8, 9, 10, II, 12, 15, and 17. 
In these regulations — 

Line of rails means a line of rails for the use of a wagon, 
locomotive, or travelling crane, other than an overhead 
travelling crane. 
Wagon includes any wheeled vehicle or travelling crane on 

a line of rails. 
Locomotive includes any wheeled motor on a line of rails 

used for traction of wagons. 
Clear space at side. 
I. — (a.) Except at junctions the distance between any two 
lines of rails shall be not less than 4ft., nor less than is sufficient 
to afford 2ft. 4ins. clear distance between the sides of wagons or 
locomotives on adjacent lines ; and in computing this distance 
any load carried at a less height from the rail than 6ft. 6ins. shall 
be deemed to be part of the wagon on which it is carried. 
The distance between a line of rails and any fixed structure 
above the ground level, other than a platform for loading or 
unloading, shall not be less than is reasonably sufficient for the 
safety of persons working at or passing that point. 

{b,) No wagon or locomotive shall rest at any point near to 
a junction if the distance between adjacent lines of rails at that 
point is less than 4ft. Provided that this part of this Regulation 
shall not apply to temporary stoppages for purposes of safety. 

{c) No heap of any material shall be allowed within 3ft of a 
line of rails. 

{d,) Point rods and signal wires in such position as to be a 
source of danger to persons employed shall be sufficiently 
covered or otherwise guarded. 

{e.) Ground-levers working points shall be so placed that men 
working them are clear of adjacent lines, and shall be placed in 
a position parallel to the adjacent lines, or in such other position 
and be of such form as to cause as little obstruction as possible 
to persons employed. 



(/) Lines of rails and points shall be periodically examined 
and kept in efficient order. 
Gantries, 

2. Every gantry shall be properly constructed and kept in 
proper repair. It shall have a fixed structure as stopblock at the 
end, and shall be provided with hand-rails at the side distant not 
less than 4ft. from the end of rails. 

Crossings, 

3. Where persons employed have to cross over a line of rails^ 
on the level a reasonably safe crossing shall be provided, and for 
the purpose of this regulation no crossing between two wagons 
on the same line of rails shall be deemed to be reasonably safe 
unless the wagons are at least a wagon's length apart. 

4. Where a level crossing over a line of rails is in frequent 
use by persons employed the Chief Inspector of Factories may, if 
satisfied that it is dangerous, give written notice to that effect to- 
the occupier, who shall thereupon within a period to be specified 
in the notice take steps to prevent the use of the level crossing or 
provide a bridge or subway for the use of such persons. 

Coupling, 
5« — («•) Coupling poles or other suitable mechanical ap- 
pliances shall be provided for the purpose of coupling and 
uncoupling wagons and locomotives. 

{b,) Wagons and locomotives shall not be coupled or un- 
coupled except by means of a coupling pole or other suitable 
mechanical appliance. 

Movement of Wagons and Loconwtives, 

6. Proper sprags or scotches shall be provided for the use of 
the persons in charge of the movement of wagons. 

7. The movement of wagons on a line of rails by means of a 
prop or pole, or by means of towing by a rope or chain attached 
to a locomotive or wagon moving on an adjacent line of rails, 
shall not be allowed where other reasonably practicable means 
can be adopted ; and in no case shall props be used for the pur- 
pose unless made of strong timber hooped with iron to prevent 
splitting. 

8. No wagon shall be pushed before a locomotive, unless a 
workman accompanies the front wagon. 

9. No person shall be upon the buffer of a locomotive or 
wagon in motion. 

10. No locomotive or wagon shall be moved until warning 
has been given by the person in charge to persons whose safety is 
likely to be endangered thereby, and when possible acknowledged 
by them. 

11. No locomotive or wagon shall be moved during the 
period between one hour after sunset and one hour before sun- 
rise, or in foggy weather, unless a red lamp is exhibited on the 
approaching end. 

1 2. The driver of a locomotive shall sound the whistle as a 
warning on approaching any level crossing or any curve where 
sight is intercepted, or any other point of danger to workmen, 
and shall have the locomotive under control so that he can stop 
short of the point of danger. 

Young Persons not to Drive or Shunt, 

13. No person under 18 years of age shall be employed as a 
locomotive driver or shunter. 

Steam and Water Gauges. 

14. All boiler gauge glasses on locomotives or stationary 
steam boilers shall be protected by a covering or guard, sufficient 
to guard against accident to persons employed through the gauge 
glass breaking. 
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Water gauges or similar devices shall be provided on loco- 
motives or tenders to indicate the amount of water in the tanks, 
and shall be in such a position as to he visible and accessible to 
the persons in charge without their incurring undue risk of 
injury. 

Wagons undef Repair. 
15. A danger signal shall be attached to each end of any 
wagon or train of wagons undergoing repair. 
Ughiing, 

16. Efficient lighting shall be provided where shunting is 
frequently carried on after dark, and at all points where necessary 
for the safety of the persons employed. 

17. The following regulation shall apply to every capstan 
worked by power and used for the purpose of traction of wagons 
on lines of rail : — 

(tf) The ground around the capstan shall be kept clear 

from the obstruction. 
(6) The mechanism of the capstan shall be maintained in 
efficient condition, and if operated by a treadle 
shall be examined on each day of use. 
(() The capsUn shall not be set in motion until signals 
have been exchanged between the man in charge of 
the capstan and the man working the rope or chain 
attached to it. 
(d) No wagon shall be hauled by means of a capstan un- 
less the hauling rope or chain is attached to the 
wagon by the coupling hook of the wagon, and by 
no other part thereof. 
{e) No person under 18 years of age shall work the 
capstan. 
These regulations shall come into force on 
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Reinforced Conorete. 

Floors. 
One of ihe chief advantages in the use of this material is the ease 
with which the different components are prepared and put 
together. A few skilled foremen can carry out the work quite 
well even if the rank and file of the majority of the workmen have 
had no previous experience in the use of metal and concrete, m 
juxta-position, and as it is not usual for unskilled workmen to 

♦No, I appeared in The Railway Engimer^ May, 1905. 



belong to a trades union, the labour employed is to this extent free 
from trade disputes and harassing conditions arising therefrom. 

When concrete is reinforced with steel it is, of course, very 
much lighter in its dead load, and the material may be employed 
in situations where the earlier type of simple concrete floor or 
jack arch floor would be inadmissible on account of the great 
weight, which would entail more expense in construction and 
greater thickness in the floors themselves, thicker walls and more 
elaborate foundations. 

The fixing of the wooden staging and centres requires some 
amount of care and skill, but the workmen easily get into the run 
of the thing and perform the work with facility. 

The Hugo Bilgrim machine shops at Philadelphia was one 
of the first buildings of this material erected in that city. The 
design is for a five storey building, the stories being from loft* 
to 14ft. Sins, in height, and as the present article is to be devoted 
to floors alone, the description of other parts of the building wil 
be omitted. The columns supporting the floors are in longitu- 
dinal rows iS^ft. apart across the building, the distance between 
the columns in the long direction being 14ft. 4ins. Between the 
columns longitudinally are reinforced concrete beams i4ins. by 
loins., fig. I, having a span of 14ft. 4ins., and these cross beams 
carry transverse beams i2in. by 6ins., fig. 3, spaced 3ft. 7ins. 
centres. Upon the transverse beams rests a slab floor 4ins. thick 
in the lower and 3ins. thick in the upper floors, this slab of rein- 
forced concrete being in its turn covered with ij^in. floorboards^ 
nailed to 3ins. by ains. strips embedded in a ains. thickness of 
cinder concrete. The first floor was designed to carry a uniformly 
distributed load of 300 lbs. per sq. ft, the second floor 200 lbs. 
and the remaining floors 150 lbs. per sq. ft. The floor slabs are 
reinforced with I in. round rods spaced 6ins. centres, and the 
beams both ways are reinforced with lin. rods, as shown in 
figs. I and 3 ; the stirrups are made of two Jin. twisted rods 
which tie the tensional members together. The centreing was 
formed of 2ins. planed planks, and ijins. of concrete was laid 
on these and thoroughly tamped before any of the reinforcing 
rods were introduced. The straight rods were laid first with 
the twisted rod hangers and another inch of concrete was added. 
The inclined rods were then laid and held in position until the 
remainder of the concrete was laid. When the concreting was 
finished for the day care was always taken to leave ofi" the slabs 
over the centre of a beam, and the reinforcing rods were left 
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projecting, so as to bind with the next day's work. The maximum 
stress allowed on the concrete was 500 lbs. per sq. in. and 
16,000 lbs. per sq. in. on the steel. The concrete was composed 
of I part Portland cement, 3 parts gravel, and 5 parts broken 
trap rock, not larger than fin. in any direction. 

The warehouse of J. M. Bour and Co., Toledo, Ohio, has 
floors very similar to the above, excepting that the bays of floor- 
ing are spaced at 5ft. 6ins., and the slabs are sins, thick with 
J in. round rods placed at 3 ins. centres. The rods are extended 
over at least three bays of flooring, with the joints made to break 
evenly. The beams between the columns are i5ins. by loins. 
and have a span of i6ft. 6ins., and between these are transverse 
beams 5ft. 6in8. centres, i4ins. by 4ins. These beams are 
reinforced with straight and inclined rods much as in figs, i and 
2, but there is a corbel projecting one foot of the same thickness 
as the beam at each column. The steel rods are generally round, 
and were specified to have an elastic limit of 30,000 lbs. to the 
sq. in., the strength of the concrete being assumed at 500 lbs. per 
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by these rods into the footings of the side walls as shown by fig. 
3. The upper floor in this building is arranged as indicated in 
fig. 4, and has continuous slabs 7|ins. thick in which are laid 
Jin. bars 7Jins. apart, the slabs being carried by beams 18 ins. 
by 12 ins., the depth being included with the thickness of the 
floor slab. 

The Robert Gair warehouse in Brooklyn has eight floors and 
a basement, each 13 ft. 4ins. in height, and the floor load adopted 
was 2oolbs. per sq. ft. The columns (which are of reinforced 
concrete along with all the floors) are spaced i6ft. 4ins. centres, 
and the girders, therefore, have this span. The main girders are 
i4jins. deep, exclusive of the thickness of the floor slab^ and are 
i2ins. wide. The secondary girders are spaced at $(t. S^ins. 
centres, and are 11 ins. deep and yins. wide, and have a length 
of 1 6ft. centres of columns. The floor is 4jins. thick, and is 
reinforced with ^ins. Ransome bars arranged as shown in fig. 5, 
the top surface being finished ofl* with fin. granolithic. 

The floors in the shops of the United Shoe Machinery COm 
Beverly, Mass., figs. 6 and 7, are of 20ft. span between the 
centres of supporting columns, the cross girders of this span and 



Jl 






»«Mf 



Fig. 4. 



^^ J''4w/;s 8''cenfres altemcrte bars beniupvmrds 



!•:•;]•. -n i Loops 

l iy^l^y ""I — Secondary Girders 

Ms. iZ 

1 1 1 1 I I II I II II 





MainGirders ^^\£:^^ ^^.'fc 



— /6'4." 



centres 




^ 



=4t= 



— — Vw^*" 



./6'.4''_. 



Ins.lZ 

\ I 



wL 



z 






7Pf. 

=1 




Fig. 5. 

sq. in. as in the first example. In leaving off" work for the day 
the concrete was invariably stopped at a plane at right angles to 
the probable plane of rupture, and all concrete was kept covered 
with wet tarpaulins for one or two days. 

A very ingenious use of reinforced concrete has been made 
where upward hydrostatic pressure of ground water is anticipated 
under the basement floor of a building, and a case in point is that 
of the Power House of the United Shoe Manufacturing Co. 
In this case the floor underneath the rows of columns is reinforced 
with six I in. bars, spliced with coils to make them continuous, 
arranged to form longitudinal girders to resist the upward pressure 
of the floor between the columns, the floor being reinforced at 
the top with ^in. twisted bars 1 2ins. apart, and on the bottom 
with similar bars 6ins. apart, the edge of the floor being bonded 



spaced 20ft. are 2ft. 3in. by ift. 2in., with five lin. bars in the 
bottom and two lin bars in the top of the girder. The longi- 
tudinal beams are spaced 3ft. sins, apart centres, and are rein- 
forced by one ^in. bar at the top and two lin, bars [at the 
bottom. Shearing U bars are provided for both classes of girders. 
The floor slabs are 3|ins. in thickness, and are reinforced by 
Jin. rods, 1 2ins. centres laid just above the lower surface of the 
slab. All the rods used in the work for reinforcement of the con- 
crete extend beyond the panels and length of girders in each case 
in order to bond in with the adjacent work. 

The Kahn system of hollow tile and reinforced concrete is 
used in the floor of the factory of the American Arithmometer 
Co. at Detroit, figs. 8 and 9, the span of the^floors being from 
16ft. to 2oft. The floor tiles are 
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1 2 ins. width, and a 4ins. space being left between each row of 
hollow tiles is filled with concrete reinforced in the usual way by 
Kahn horizontal and inclined bars. The floor is calculated to 
carry a moving load of loo lbs. per sq. ft., and the factor of 
safety of 4 is adopted. In the figures the peculiar and charac- 
teristic construction of the Kahn bar will be noticed. This bar 
consists of a horizontal bar to which inclined rods are attached for 
the purpose of binding the concrete together and for resisting the 
shearing stresses. 

The Purfieet Bridge referred to in a previous article has a 
reinforced concrete floor consisting of cross girders, secondary or 
longitudinal girders under the rails, and a 5 ins. slab floor. The 



J cubic yard of sand and 600 lbs. (8 J cu. ft.) of Portland cement, 
the whole making about 31 cu. ft. of concrete. 
Expanded Metal. 

The use of expanded metal has not yet been referred to. and 
has considerable advantages where a light but strong form of 
floor is required. For railway warehouses and such purposes 
a considerable saving of weight and cost can be effected. 

Sheets of metal (usually steel) are mechanically slit and 
opened out by one operation, without any waste of material. In 
this way a trellis or net work is produced with diamond shaped 
meshes of a size and spacing required to be suitable for any kind 
of span or floor. 
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Fig. II. 

cross girders are i5ins. deep and Sins, wide, and are spaced at 
distances of 5ft. centres. Reinforcing bars are placed both in 
the top and in the bottom of the cross girder, those in the top 
being carried to and having the ends hooked in to the main 
girder, flg. 10, the lower bars pass through the chord reinforcing 
bars of the main girders as shown in the figure. Sheet iron 
stirrups bind the material together as indicated in flg. 11. The 
concrete consisted of an aggregate of 4 parts broken to pass 
through a fin. mesh and i part Portland cement. The steel 
used is in round bars throughout. 

The floor of the ferro-concrete bridge over the Sutton Drain 
at Hull rests on main girders 8ft. centres, and between these at 
I oft. centres are secondary or cross girders lyins. by 8ins., whilst 
a 7ins. floor as indicated in flg. 12 rests upon them. The 
concrete used consisted of i part Portland cement to 5 of 
aggregate, composed of i cubic yard of clean gravel (passed 
through a Jin. mesh, but retained by a ^in. mesh) mixed with 
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The thickness of metal that may be worked or opened out in 
this manner varies from No. 24 B.W.G. to a Jin. thickness of 
plate. The stock sizes of expanded metal are from 6ft. by 2ft. 
to 8ft. by 2ft. 3ins., and the mesh is usually 3ins., but can be 
varied from Jins. to 6ins. The strands are usually fVin. by 
^in. for a 3in. floor, |in. by |in. for a 4 ins. floor, and Jin. by 
Win. to |in. by i\f\n. for a gins, floor. The limiting length 
of the metal so treated is taken to be about 16 ft. 

The amount of the reinforcing metal is usually i per cent, of 
the sectional area of the concrete or j^ of that volume. 

When the expanded metal is embedded in the concrete slab 
in this way it is practically indestructible, and is not affected by 
damp, atmospheric conditions, and to a great extent not even by 
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heat. The cohesion between the metal and the concrete, aided 
by the peculiar shape and construction of the worked metal, is 
perfect. The matrix usually adopted is one of the best Portland 
cement to 4 of broken brick and clinker broken to pass through 
a Jin. sieve, and having about 30 per cent, of clean sharp fine 
sand in its composition, a combination that is lighter than some 
other varieties of ballast concrete. The steel is usually laid about 
^in. from the bottom surface of the slab. 

With this form of construction a floor slab capable of carrying 
a load of I J cwts. per ft. super, can be made with a thickness of 
3ins. to span a distance of 6ft., and if yjins. thick a distance of 
15 ft., or if heavier loads are to be provided for say 3 cwts. per ft. 
super, a floor only 3ins. in thickness will carry the load at a 4ft. 
distance and if yjins. thick to a distance of iift. centre to 
centre of supports. 

The upper surface of the floor so made can be finished either 
by a coating of cement and sand, as granolithic, or with a layer of 
asphalt, according to the requirements of the case. If a wood 
surface is required to the floor, strips of wood or floor joists can be 
laid on the slab, and upon these strips the floor boards can be 
nailed. In other cases wooden blocks are laid directly upon the 
concrete slab. 

One patented system of floor construction in which expanded 
metal is used is that of the channel arch, light steel curved 
channels 6ins. in width and weighing perhaps lalbs. to the foot 
run being laid between rolled steel beams and having a span of 
anything between 12ft. to 25ft. Upon the curved channel a rib 
of concrete is formed up to a level surface, and upon these ribs, 
which may be placed at distances apart of from 4ft. to 8ft., the 
expanded metal floor slab is laid lengthwise, with the sides and 
ends overlapped. The use of the steel channel with the concrete 
rib or haunch upon it is claimed to be a much more economical 
ype of construction than those floors in which a double system of 
Main and cross rolled steel beams are employed, and their con- 
nections at the ends of the cross beams are required. This type 
of floor has been used in the warehouses built for the Manchester 
Ship Canal Company. 

In all cases where this material is adopted for floors, either in 
the form of rods, bars or expanded metal reinforcement, care must 
be taken not to infringe patent rights, which are complex and 
numerous. 



Victorian Government Railways, 1903-4. 

The Annual Report upon the operation of the Victorian 
Government Railways for the year ended 30th June last is of 
particular interest, because it covers the first complete year 
since Mr. Thos. Tait was appointed Chief Commissioner, and 
because he has, with the co-operation of the other two Com- 
missioners, Messrs. \V. Fitzpatrick and C. Hudson, suc- 
ceeded in turning a deficit of ;£j"304,094 into a surplus oi £$^9- 
Mr. Tait was, it will be remembered, manager of transporta- 
tion of the Canadian Pacific R., and everyone will be glad 
that he has been able to accomplish so remarkable an achieve- 
ment in such a short time. 

The main facts of the report are as under : — 
The total length railways open for traffic on the 30th June 
was 4,264*56 miles, including 544*43 miles of sidings and 
^2*93 (4*56 sidings) miles of jft. 6ins. gauge railway. The 
average length open for traffic during the year was 4,250-69 
miles, including 54044 miles of sidings and 8293 miles of 
2ft. 6ins. gauge railways. The gauge of the main lines is 
5ft. 3ins. 

The mileage of sidings does not include itS miles not owned 
\v the Department, 11 miles of which are maintaihed by and 



at the expense of the Department. On the (Jeelong-BaJlarat 
line 0*46 of a mile of double track was converted during the 
year, one line to single main track and one line to siding. 
The mileage for 1902-3 includes 2522 miles which were closed 
for traflftc during practically the whole of the year 1903-4, and 
are not therefore included in the mileage for that year. 

The total expenditure charged to capital account at 30th 
June, 1904, was ;,^4 1,2 16,703 5s. 4d., inclusive of 
;^i2i,223 IS. advanced in previous years by the Treasury, 
yet remaining to be recouped out of revenue, an increase for 
the year of ;^242,2io 6s. 2d. 

The total amount of current loans allocated to the railways 
at 30th June, 1904, was ;^39»435, 372 iHs. 4d., an increase for 
the year of ;^'464,447 5s. 6d. 

The proceeds of loans allocated to the railways after de- 
ducting discounts and expenses less net premiums received, 
were at 30th June, 1903, ;^38, 104,399 i6s. 4d. The proceeds 
of the net increase during the year in the amount of current 
loans, viz., ^464,447 5s. 6d., were only ;^i 29,010 5s. fxl., the 
difference, viz., ;£i335,437, representing the discounts and 
expenses incurred in connection with the redemption of the 
loan under .\ct 608 allocated to the railways. The net pro- 
ceeds of loans allocated to the railways were, therefore, 
;^38,233,4io IS. lod. 

The interest paid during the year on current loans 
amounted to ;{. 1,496,535, and in addition the railways were 
debited with the sum of /.'20,375 to cover expenses incurred 
by the Treasury in connection with railway loans and interest 
payments, so that after deducting the sum of jC^y^SSy which 
represents the interest allowed by the banks on the weekly 
balances at credit of railway capital funds, the net amount 
of the interest and expenses debited to the railways for the 
year was ;£^t. 5 15,755, which was equivalent to a rate of 
interest of 3*84 per cent, on the total amount of current loans. 

Owing to an alteration in the dates for the payment of 
interest on the loan redeemed during the year under Acts 1560 
and 1847, there was an exceptional increase of ;tr23,o84 in the 
year's interest charges and expenses. 

The total amount of funds expended on the railways out 
of the consolidated revenue, and carrying no interest, was, at 
30th June, 1904, ;^3,655,28i os. 6d., of which ;^2,8o3,740 
6s. id. was revenue derived from the sale of State lands dis- 
posed of for the purpose of providing funds for the construc- 
tion of railway extensions. 

The conditions which prevailed during the year 1902-3, 
due to the drought, the strike of engine-men, the working of 
the staff on short time, and percentage deductions of the 
salaries and wages were so extraordinary in their effect on 
both the gross revenue and the working expenses, that a com- 
parison of the results of working for the year 1903-4 with 
those obtained in the previous year, is in many respects of but 
little value, and ought rather to be contrasted with those of 
the three previous years. 







Year 


Year 






1902- 1 903. 


1 903-1904. 


Avera^ 


:e mileage worked 


3*335^ 


3,37' 


Train miles — suburban ... 


. 2,921,280 


2,616,322 


♦ > 


,, -counth^. 


1,650,649 


1,501,966 


,» 


,, --mixed 


2,494,280 


2,166,439 


»» 


,, — ^goods, live stock .. 


3,220,0(\^ 


2,887,917 


Total t 


raffic train mileage 


.10,286,272 


9,172,644 


Passenger journeys, number 


•54»79«.073 


54,282,003 


Goods 


carried, tons 


. 2,716,827 


3,182,772 


Live stock carried, tons 


• 377» 170 


25^431 






£ 


£ s. d. 


Revenue — passengers 


• ^3^5»5^^5 


i,3<x>,483 17 4 


», 


— ^parcels, etc. ... 


1 24,485 


128.821 6 6 


»» 


— horses, cars, and dogs 


12,839 


13,358 10 8 


,, 


— mails ... 


62,451 


59,30s 16 5 


,« 


rents 


50,890 


53.^Si 8 3 


,, 


— miscellaneous 


I. =1,858 


29*. ^3^ 15 9 


1 , 


— live stock 


236,213 


173,492 16 8 


»» 


— goods ... 


1,218,557 


1,610,485 5 7 



* For abstract of the Report for 1902-3 see Railway Enip^Hi4^r for February, 
1904. and for that of Report for 1901 '2 .see Rat'kvo 
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£ £ ^-A. 

Total gross revenue 3,046,858 3,438,140 17 2 

I*er mile of railways worked ... 913 1,020 

Per traffic train-mile run .S-**- i rogd. 7s. 5'96d. 

Ordinary Working Expenses, £. £ s. d. 

Transportation and traffic ... 592,897 586,014 16 8 

Way and works ... 437,840 448,958 12 7 

Rolfing stock — working ... 521.090 455,543 7 10 
,, — repairs and re- 
newals ... 241,62^ 270,342 7 6 
General expenses ... ... 42,498 47,806 16 10 

Total ... ... ... ... 1,835,950 1,808,666 I 5 

Per mile worked ... ... ... 550 537 o o 

Per traffic train-mile ... 3s. 6'84d. 3s. i r32d. 

Percentage of gross revenue ... 60*26 52'6i 

Belated repairs — way and works 78,913 84,554 8 11 
Recoups of funds advanced — 

For replacing rolling stock ... 12,217 17,146 o o 

For renewing way and works... 11,500 11,500 o o 

Total charges against wkg. exps. 1,938,580 1,921,866 10 4 

Per mile of railways worked ... 581 570 o o 

Per traffic train-mile ... -^s. 9*23d. 4s. 2*29d. 

Percentage of gross revenue ... 63'6-^ 55*90 

£ ^ £ ^^. d. 

Net revenue ,.. ... ... 1,108,278 1,516,274 6 10 

Per mile of railways worked ... 332 450 o o 

Per traffic train-mile ... ...2S. i*86d. 3s. 3*67d. 

£ £ s. d. 

Intere.st charges and expenses ... 1,473,532 i,5i5»755 o o 
Deficit ... ... ... ... 304,094! — 

Surplus * — 519 6 10 

+Thc deficit in ihe year 1902-3 is reduced by ;f6i,r6o on account of the value 
of services performed for the State for which no payment was received. 

The gross revenue for the first half of the year was the 
lowest for the past 5 years, but for the last half it was the 
highest ever obtained. For the whole year it was ;^70,297 
more than was earned in any previous year. Notwithstand- 
ing the very large reduction in passenger and mixed train 
mileage the revenue from passenger traffic exceeded the aver- 
age revenue from that source during the preceding 3 years. 
The revenue from live stock traffic compares favourably with 
that of previous years except the year 1902-3, when it was 
largely augmented by the increased movement of live stock 
due to the drought which then prevailed. The increase in the 
revenue from goods is attributable mainly to the traffic result- 
ing from the excellent harvest. The increase in the revenue 
per traffic train mile over the average of the preceding 3 years 
was equivalent to over 25 per cent. 

Excluding belated repairs and recoups of funds, the per- 
centage of working expenses to gross revenue was 52*61, the 
lowest since 1879, and if those extraordinary charges be 
included in the working expenses the percentage was 55*90 — 
the lowest since 1885-6. The increase in the working expen.ses 
per traffic train mile was a natural consequence of the large 
reduction in train mileage and of the heavier loading of trains. 
In comparing the working expen.ses of the year with those of 
1902-3, attention is directed to the fact that by pt»rcentage 
deductions in salaries and wages and by the staff working 
short time, neither of which were in effect in 1903-4, the pay- 
rolls for the previous year w^ere reduced by, approximately, 
;^i 00,000. In connection with the working expen.ses, it 
should be borne in mind that during the last few years there 
has been a considerable increase in the co.st of railway supplies 
and materials — for instance, the average prices under the 
schedules and contracts in effect in the year 1903-4 were fully 
25 per cent, higher than the average prices in the year 1896-7. 

The net revenue was the largest ever obtained, and per 
mile of railway and per traffic train mile the highest for many 
years. It was ;£^220,8o6 more than the net revenue for the 
year 1 900-1 — the year with the largest previous traffic — and it 
was equivalent to 3*84 per cent, on the railway debt. 

At 30th June, 1903, the total extraordinary liabilities to be 
met out of revenue amounted to ;^795,76i. These liabilities 
have during the year been reduced by ;^i 54,403. In addition 
to the extraordinary liabilities remaining at 30th June, 1904, 



to be met out of revenue, it will be necessary to charge a large 
sum to working expenses in connection with the strengthening 
of bridges, Flinders Street station and yard, etc. If, as they 
should be, these obligations are to be met out of revenue, in 
addition to the payment of ordinary working expenses and 
interest charges, it is essential that no more unprofitable lines 
be built, that the income be con.served by the maintenance of 
the existing basis of fares and rates, and that economy con- 
tinue to be exercised in regard to the train and station .service, 
as well as in every other respect. 

Section 14 of the Railways Act 1439, which became law 
on 2nd July, 1896, reads as follows :— 

** In the following ca.ses (that is to say) : — 

(a) Where Parliament makes any alteration in the law 
which occasions any increase of expenditure by the Commis- 
sioner or any decrease of the railways revenue; or 

(h) Where Parliament or the Governor in Council directs 
the Commissioner to carry out any system or matter of policy 
which occasions or results in any increase of expenditure by 
the Commissioner or any decrease of the railways revenue; 
or 

(c) Where Parliament authorises the construction of any 
new line of railway, which, when vested in the Commissioner, 
does not produce sufficient revenue to cover the interest on 
its cost of construction and the expenses of its maintenance, 
the annual amount of the increase of expenditure or decrease 
of revenue, or of the loss resulting from such new line of 
railway shall be from time to time notified in writing by the 
Commissioner to the Commissioners of Audit, and, if certified 
by them, shall be provided by Parliament in the .Annual Appro- 
priation Act and paid to the Commissioner.*' 

In accordance with a direction of the Government under 
this section, the then Commissioner reduced the raes on agri- 
cultural produce in December, 1899, and from that time until 
the year 1902-3 Parliament, in accordance with the law, pro- 
vided, and the revenue of the Department was credited with, 
an amount equivalent to the decrease in revenue sustained by 
reason of such reduction in rates. In 1903 the (iovernment 
decided to reduce the amount to be provided by Parliament 
on this account to the equivalent of one-half of such decrease 
in revenue, but the rates were only advanced to such extent 
as would make up approximately one-half of such reduction; 
in other words, the Department divided or bore the loss about 
equally with those interested in the agricultural produce traffic. 
Under this arrangement the sum of ;^'48,029 has been pro- 
vided by Parliament, and is included in the gross revenue for 
the year for the carriage of agricultural produce at reduced 
rates. 

The re-organisation during the year of the transportation 
and traffic branches was productive of .satisfactory results 
both as to efficiency and economy. The measures taken and 
methods adopted to co|>e with the heavy grain traffic resulting 
from the excellent harvest proved to be adequate, and it was 
promptly carried to the sea-board and handled there as fast as 
shipping was available to carry it away. The total traffic 
train mileage was 10*83 per cent, le.ss than in the preceding 
year, and 18*72 per cent, less than in 1901-2, the year with the 
largest previous traffic. Although the revenue from goods and 
live stock traffic was over 4 per cent, greater than in- 1901-2, 
there was a decrease in the goods train mileage as compared 
with the mileage of that year of 603,956 miles, and in the 
mixed train mileage of 776,318 miles, a total decrease of 
1,380,274 miles, or 21 per cent. The increase in the goods 
and live stock revenue does not, however, adequately repre- 
sent the increase in the ton mileage or work done by goods 
and mixed trains, for the additional revenue was obtained 
mainly from the carriage of agricultural products at com- 
paratively low rates. This large reduction in the mileage of 
goods and mixed trains, notwithstanding the increase in the 
ton mileage and the work done by these trains, is due chiefly 
to methods adopted during the year for securing the heavier 
loading of trains and cars, and for preventing the unnecessary 
movement of empty trucks. 

The ways and works were maintained in good working 
order and repair during the.^yea.^ ^yX^'&6^T' "' 
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the outlay required for ** belated repairs ** was ;^26o,ooo. In 
the year 1902-3 the expenditure on this account was ;{J^78,9i3, 
and in the year just ended it was ;^84,554, a total of £i6;^,^67, 
leaving a balance of ;^96,533, but it is now considered that an 
additional expenditure of ^78,333 — a reduction of ;^ 18, 200 — 
will put the way and works in such condition that thereafter 
the vote for working expenses will not require to be augmented 
by reason of insufficient funds having been provided in the 
past for maintenance and renewals. The total charges were 
as follows : — 

Ordmary maintenance and renewals ... ... 448,959 

Per mile* of railway ... ... ... ... ... 133 

,, ,, track ... ... ... ... ... 121 

For belated repairs ... ... ... ... ... 84,554 

For recoups of funds advanced ... ... ... 11,500 

Total charges against branch ... ... ... 545,013 

Per mile* of railway ... ... ... ... ... 162 

track ... 147 

*Avera<re mileage open for traffic. 

A considerable saving in the salaries and wages for the 
year was effected mainly by lengthening the road masters* dis- 
tricts and the gangers* lengths and by reductions in the force 
employed on maintenance. The introduction of oil motor 
cars for the use of repairing gangs on light traffic lines has 
rendered it possible to increase the gangers* lengths on the 
lines on which they have been put into use by about 50 pei 
cent. Wherever it is found that it will be practicable and 
economical to reduce the track force by aflfording means to 
enable the gangs to travel more quickly and with less exertion 
over their lengths, oil motor cars, or specially constructed 
hand-cars, will be provided. 

Of main track 102 miles were relaid during the year — 7:} 
miles with loolb. rails, 69J miles with 8olb. rails, and 25^ 
miles with serviceable 60, 66, and 75lb. rails, which had been 
replaced with heavier rails on important lines; 273,523 sleepers 
were renewed and 47,142 additional sleepers were put into the 
track and 136 miles of fencing were rebuilt during the year : 
74 interlocking levers were installed at six places, making the 
total number in use at 30th June, 1904, 6,533 ^* 493 places, 
and the proportion of interlocked places 60*42 per cent. : 23 
sets of staff or Annett*s lock gear were provided at fourteen 
intermediate non-staff stations. Owing to insufficient funds 
comparatively little progress was made during the year on 
the new station and yard at Flinders Street. ;^i 4,842 was 
expended, chiefly towards completing the subways and plat- 
forms, of which sum £SiS^ ^^is charged to capital account 
and ;^9,334 to working expenses. 

The charges against the rolling stock branch were as fol- 
lows : — 

£ 

For working 455»544 

Per traffic train-mile ... ... ... .. ..ii'92d. 

For repairs and renewals ... ... ... ... 270,342 

For recoups of funds advanced ... ... ... 17,146 

Total charges against branch 743,032 

Per traffic train-mile ... ... ... ... ...i9*44d. 

By replacements made during the year, the cost of which 
is included in the working expenses, the estimated amount 
required to make good the deficiency in the rolling stock was 
reduced from ;£'403,950 to ;;^389,ooo : 161 trucks were 
equipped with the Westinghouse brake, and 82 with brake- 
pipes, making the number of trucks fitted with the brake 
7,991, or 80 per cent., and with brake-pipes alone 1,836: 16 
cars were equipped for Pint.sch gas lighting, making the total 
number so equipped 766, or 65 per cent. 

The following new rolling stock was put into service 
during the year : — Locomotives : 6 of the **AA*' class and 14 
of the **DD*' class; carriages : 2 of the **ABC** class and 2 
of the **ADAD'* class; steel medium trucks : 100 of 15 tons 
rapacity and 100 of 12 tons capacity. 

The construction of locomotives at the Newport shops 
was undertaken, and carried on during the year with decidedly 
satisfactory results. The first ten locomotives thus built are 
of the *'DD** class, with a tractive power of 20,ooolbs. each 



and weight (including tender) of 64 tons 9 cwt. They are 
giving good service. The cost of these locomotives, including 
proper provision for supervision, shop charges, and stores 
expen.ses, was £3y222 each — equivalent to ;;^50 3s. per ton. 
It is confidently anticipated that even better results will be 
achieved with subsequent construction. 

The value of the stock of stores (paid and unpaid for) at 
30th June, 1904, was ;^5oi,64i, as compared with j^6i 2,415 
paid for and ^^34,588 unpaid for at 1st July, 1903, a reduction 
of ;6i45»3^2 during the year. During the year ;£^55,cxx> of 
;^'i8o,ooo provided in the years 1896 to 1902 inclusive for 
the purchase of stores was repaid to Treasury. 

The unproductive capital expenditure amounts to 
;^7 18,540, made up as under : — 

Approx. 
Lines closed for traffic. Mileage. cost. 

Dunkeld to Penshurst (dismantled) ... 15*87 50,000 

Canterbury loop line (dismantled) ... 0*21 

Ashburton to Oakleigh ... ... ... 237 iho,ooo 

Fairfield Park to Deepdene ... ... 334 

Darling to Waverley ... ,.. .. 0*84 7,000 

Lancefield to Kilmore ... 1810 117,347 

Coburg to Somerton ... ... ... 7*12 72,166 

Totals 4785 £^,S^3 

Survey of lines not con.structed... ... 312,027 

Total unproductive capital expenditure... ;^7Jf^>54^ 

The arhounts paid in pensions and gratuities during the 
year, which are not included in the working expen.ses, were 
^^83,5 1 2 and ;£ri 7,024 respectively, a total of j^ioo^^^h^ as 
compared with £77*77$ ^"^ ;^'LS»73- respectively, a total 
of ;693»507 ^^ ^^^* previous year. The number of officers and 
employees in the .service at 30th June, 1904, entitled to pen- 
sion or compensation on retirement was 2,296, a reduction 
during the year of 253. 

A revised classification of revenue and expenditure 
accounts, clearly providing for the allocation of receipts and 
disbursements to the proper accounts, became effective on ist 
July, 1904. 

Cattle Wagon; Midland Great Western Railway 
of Ireland. 

We are indebted to Mr. Edward Cusack, locomotive engineer 
of the Midland Great Western R. of Ireland, for the annexed 
drawings of his standard cattle wagon, and which are so fully 
dimensioned as to require no further description except to say 
that the framing is constructed of oak. 

The importance of the cattle traffic to this railway may be 
gauged from the facts that rather over one-third, viz., ^81,772 
last year, of its total goods revenue is derived from it, and that 
rather less than one-fourth, viz., 670, of its total goods vehicles 
are of the description illustrated on page 181. 

Official Reports on Recent Accidents. 

Mar Crcwc Station, L. & N.W.R., on 20ih December, 
Lieut.'CoL P. G.von Donop, R. E.^ reports that \— 

The 12 noon train, engine and 9 vehicles, from Man- 
chester, came into collision with a train of 9 empty vehicles, 
of which 5 were damaged. 

The admission of up trains into Crewe Station is controlled 
from two signal-boxes, viz., the Xorth Junction signal box, 
situated on the west side of the lines at a point 155 yards to the 
north of the north end of the up platform; and the Scissors 
Crossing box situated in the station itself at a point 85 yards 
to the south of the north end of the same platform. 

At a point situated 190 yards to the north of the Xorth 
Junction signal box there is a facing-point on the up Man- 
chester line; the left-hand connection leads to the up loop line 
and the right-hand one to the up main line; from this point 
the up loop line and the up main line run alongside each other 
towards the station. The splitting signals for these two lin<^ 
are situated about a yard to the north of the points; the points 
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and signals are both worked from the North Junction signal 
box, the signals forming the up home signals for that box. 

About 1 10 yards to the north of the North Junction signal- 
box there are facing-points on both the up loop line and the 
up main One; in each case the left-hand connection leads to 
the up loop line through the station and the right-hand con- 
nection to the up platform line. The splitting signals for 
these connections are fixed on two posts which stand along- 
side each other at a point 65 yards to the south of the North 
Junction signal box; both the points and the signals are 
worked from the Scissors Crossing signal box, and the latter 
form the up home signals for that box. 

No confusion should arise between the pair of signals 
referring to the up loop line and the pair relating to the up 
main line; the former are not only on a different post from the 
latter, but they are also different in shape, the arms being pro- 
vided with rings. 

The trailing connection on the up loop line through which 
the empty coaches were being shunted is situated 56 yards to 
the south of the Scissors Crossing box home signals for the 
up loop line. 

Ordinary block working is employed between the Sydney 
Bridge and the North Junction signal boxes, but between the 
latter box and the Scissors Crossing box station yard working 
is in force, and the method of working is as follows : — 

There are in the North Junction signal-box several 
mechanical discs, each disc referring to one of the lines 
through Crewe Station. These discs, which are worked from 
the Scissors Crossing box, show the signalman in the North 



Junction box whether the line in the station to which each 
refers is clear or not. 

When a train is approaching the North Junction signal 
box the signalman in that box offers it to the signalman in 
the Scissors Crossing box; the latter acknowledges the receipt 
of the message and indicates on his instrument the station- 
line on which he wishes the train to run; if that line is clear 
up to the south end of the station, he also turns up the 
mechanical disc in the North Junction signal-box relating to 
that line, but if it is not clear he does not do so. 

If the mechanical disc is turned up the signalman at the 
North Junction box is authorised to lower his home signal for 
the train to run past it; but, if the disc is not turned up, he is 
not permitted to do so until the train has come to a stand at 
his home signal; when the train has come to a dead stand at 
his home signal, the signalman may then lower it, thus signi- 
fying to the driver that he may draw up to the Scissors Cross- 
ing home signal. 

Driver Cooper states that his train was stopped at the 
North Junction up home signals, and as soon as it had come 
to a dead stand the up loop line home signal was lowered for 
him. Cooper states that he thoroughly understood from this 
that the station-line was not clear for his train, but that he 
had permission to draw up to the Scissors Crossing home 
signals; he accordingly drew up his train along the up loop 
line at a low rate of speed, intending to stop at those signals. 

On approaching the Scissors Crossing home signals, how- 
ever, Cooper saw that the signal was lowered for a train to 
run from the up main line to the up platform line. This signal 
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had been lowered for a train from the Liverpool direction 
which was about to run into the station from the up main line. 
Cooper fully admits that for the moment he forgot that his 
own train was running on the up loop line, and, under the 
impression that it "was running on the up main line, he 
thought that the signal which was lowered had been lowered 
for himself; instead, therefore, of bringing his train to a 
stand at this point, he allowed it to run on along the up loop 
line and consequently came into collision with the empty 
coaches which were at that moment being shunted out of the 
up loop line. 

Cooper admits that he is entirely responsible for this col- 
lision; he acknowledges that both the signals referring to the 
up loop line on which he was running were at danger when 
he passed them, and that the collision was entirely due to 
the momentary mistake which he made of thinking that he 
was running on the main line. This mistake on Cooper's 
part appears to have been the sole cause of this accident. 

Cooper has been in the service of the Company for 28 
years, and he bears a most excellent character; at the time of 
the accident he had been on duty about 6 hours. 

At Cam Pare, T.Y.R., on 7th Dtcember. Lt,-Cal. E. 
Druitt, R.E,, reports that:— 

A mineral train from Aberdare to Treforesl was run 
into by another mineral train (from Merthyr), consist- 
ing of two 6-coupled engines, 54 loaded and 5 empty 
wagons, and a loj-ton van, and which had got out of 
control on the main incline above Abercynon Station and had 
run forward on the down mineral line to Carn Pare. A fire- 
man, a driver, and the brakesman of this train were injured. 

Both engines were fitted with steam and hand brakes. 
Their combined weight was 124 tons, of which 100 tons were 
on the braked wheels. The train weighed about 850 tons, 
and was about 400 yards in length. The engines of this 
train were disabled, and 23 wagons of the two trains 
damaged, 10 of them badly. 

Carn Pare is 417 yards south of Abercynon south box. 
The next box to the southward is Stormstown. 

The gradients between Tunnel Quarry signal box and 
Carn Pare on the down line are : — Tunnel Quarry box to in- 
cline top, 300 yards falling i in 334, 2,000 yards falling i in 
40, 525 yards falling i in 1,538; and thence to Carn Pare and 
Stormstown signal boxes i in 259 falling. 

The authorised speed down this bank is 8 miles per hour. 
There is a rule to the effect that before a mineral train is 
allowed to leave Tunnel Quarry signal-box *'Line clear'* has 
to be obtained as far as Carn Pare home signals. 

The Merthyr train left Tunnel Quarry signal-box about 
7.21 p.m. It drew ahead to the down starting signal and 
white post alongside marking the top of the 1 in 40 incline, 
and there stopped. When the guard and brakesman had 
walked forward to the head of the train they called the 
banksman, who is always on duty at the incline top, to assist 
in putting down the wagon brakes, and as soon as they 
were ready to start doing so the guard told the driver to 
proceed. As the brake levers of the wagons were mostly 
on the six-foot side, all three men worked on that side of the 
train and used brake sticks. 

When a few wagons — 8 to 12, all braked — were over the 
top incline, driver Foakes, of the leading engine, who was in 
charge of the train, states he could hardly move it, so he 
signalled by whistle to the driver of the second engine to 
put on steam, which he did for a short distance. Finding 
the train was then travelling too freely, Foakes shut off 
steam on his engine and signalled for the driver of the second 
engine to do so. 

Foakes estimates that there were 30 or 40 wagons on the 
incline at this time, and that then he partially applied the 
steam brakes in order to feel the weight of the train, but find- 
ing it running too easily he applied the brakes fully and 
opened both sanders. When his engine was about half-way 
down the incline Foakes whistled for the second engine to 
apply brakes, which signal was replied to, but the speed was 



not checked but increased to the foot of the incline, and the 
train ran forward on the down mineral line to Carn Pare, 
where it collided with another mineral train crossing from the 
main to the mineral line, the point of collision being 770 
yards from the foot of the incline and 200 yards beyond where 
the leading engine of the train would have stopped had the 
train been brought to a stand just inside the trap points of 
the down mineral line at Abercynon North signal-box. 

The men putting down the brakes state that the train went 
slowly at first, but that after they heard the whistJe for the 
second engine to put on steam the speed increased and con- 
tinued to do so, and in consequence they were only able to 
pin down the brakes on 15 to 20 wagons before the speed 
was too great for any more to be worked. The guard and 
brakesman then ran back to meet their van, and got into it 
just before it reached the incline top, and immediately put on 
the hand brake as hard as possible. They estimate the speed 
of the train as 15 miles an hour when the brake van got to 
the incline top, and the signalman at Abercynon South box# 
beyond the bottom of the incline, as 30 to 35 miles an hour 
when it passed his box. 

No communication passed between driver Foakes and 
guard Lewis as to how many brakes were required to be 
applied. Driver Foakes states he could not give this infor- 
mation, as it is impossible to say (until the driver feels the 
weight of the train after commencing to descend the incline) 
how many brakes will be required to be applied, and guard 
Lewis stated he could not have put more brakes down than 
he and the other men did, had he been told that any given 
number, such as 30, were required. On this occasion the 
fireman of the banking (leading) engine ascertained from the 
driver of the train engine the number of wagons on the 
train, and told driver Foakes, who was thus acquainted with 
the load. The Co. lay stress on the special rules being 
carried out, and intend that the guard should inform the 
driver of the banking engine (which is only coupled on at 
the incline top) of the nature of the wagons composing the 
train and their brakes, as with various types of wagons 
and brakes a different number of wagons has to be braked. 

The following points arise in connection with this acci- 
dent which require mentioning : 

1. The practice of crossing trains from the down main to 
the mineral line at Carn Pare and thus obstructing the down 
mineral line 140 yards ahead of the home signal after per- 
mission has been given to a heavy mineral train to leave- 
the top of the incline. Looking at the length of the train in 
question, viz., 400 yards, and seeing that it was expected 
to run on to the down mineral line at Abercynon North box, 
clear of the trap points, in order to allow a passenger train 
to follow it at once, it follows that owing to the distance 
between these trap points and Carn Pare home signal bein;^ 
only 617 yards, there is only a margin of about 200 yards 
for an over-run between the head of the train and the home 
signal. The points of the crossing in the mineral line are 
140 yards beyond this signal. On the occasion of the col- 
lision, signalman Davis at Carn Pare accepted the Merthyr 
train (down the incline) at 7.20 p.m., and the Aberdare 
Branch train at 7.29 p.m., and when the latter arrived at his 
home signal at 7.37 p.m. he at once allowed it to cross on 
to the down mineral line, and it was still crossing when run 
into by the Merthyr train. Looking at the short distance 
for a train from the incline to over-run before fouling the 
crossing the signalman at Carn Pare, after accepting a 
train down the incline, should not allow any thing to cross 
on to the mineral line until he knows the train from the in- 
cline has come to a stand in Abercynon yard. Signalman 
Davis is not to blame, as he carried out the usual practice. 

2. The line at the top of the incline was formerly in a 
tunnel, and this has been opened out, but there are high re- 
taining walls and a high bank above the walls, rendering the 
spot where brakes have to be applied to the wagons of a 
mineral train very dark. It was pointed out that the process 
of applying brakes would be rendered easier if powerful lighu^ 
were provided on the top of the retaining walls on eacli side 
of the line, as it would leave the hand now required for hold- 
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ing a lamp Jree for holding the brake stick, and the other free 
for inserting the pin to hold down the brake lever. As the 
safety of the trains descending the incline depends on a suffi- 
cient number of brakes being applied, the Co. should con- 
sider the advisability of providing lamps for lighting this 
place. 

3. The question of liability of pin brakes to become re- 
leased from the pins working loose when the wagons are 
jolted on the incline, was also raised, but owing to the first 
20 wagons of the train in question being smashed up by the 
collision it was not possible to ascertain if any had worked 
loose on this occasion and by so doing diminished the brake 
power at the driver's command. 

4. With regard to No. 13 of the ** General Rules for work- 
ing trains over steep inclines,*' guard Lewis states he was 
unable to get out of his van to put down more brakes when 
he found the train was out of control, because, owing to the 
nature of the wagons next his van and the high speed, he 
would have been unable to put in the pins to secure the 
brakes. This rule, though only occasionally acted upon, is 
not a satisfactory one; guards should not be expected to ride 
anywhere on the train except in the brake van, and should 
not be expected to climb over the wagons to put down more 
brakes while running. The Co. should consider the advis- 
ability of using heavier brake vans, and so place greater 
braking power at the disposal of the guard riding in the van. 



Betiveen Athlone and Moate, M.G. W.R. of I., on J4th 
January, I J, Col. P, G. von Donop, R,E,y reports that: — 

A special cattle-train (engine, tender, 36 wagons and a 
guard's van), travelling from Athlone towards Moate, was 
run into from the rear by a special inspection train. Two 
drovers and the guard were injured. 

The line where the collision occurred is level, but it is at 
the top of a rising gradient of i in 150, 2 miles long. It is on 
a left-hand curve 120 chains radius. The block section ex- 
tends from the East Junction signal-box, Athlone, to the 
Moate signal-box, a length of about 10 miles. Athlone East 
Junction signal-box is provided with home, starting and 
distant signals; the home signal is situated 17 yards to the 
west of the signal-box, and the starting signal 385 yards to 
the east of the box. 

At 4.25 p.m. signalman Staunton, who was on duty in the 
East Junction signal-box, was offered the engineer's special 
up train from the West Junction signal-box; he at once 
accepted it, keeping all his signals at danger. The train 
apnroached his home signal at 4.30 p.m., and when Staunton 
saw that it was going at a low rate of speed he lowered his 
home signal and went to the window with a green flag. He 
states that the driver brought the train up to the box at a 
walking pace, and that he himself then gave the driver 
verbal instructions to proceed to the starting signal, which 
was at danger, as the section in advance was still occupied 
by the catle train. Driver Carroll, who was in charge of 
the engine of the engineer's special train, denies receiving 
any verbal instructions from him, but he admits that the 
starting signal was at danger, and he states that he there- 
fore only allowed his train to run up towards it at a low rate 
of speed. 

When approaching the signal-box at the 73rd mile, Carroll 
states that he suddenly caught sight of the corner of the van 
of a train in front of him. He estimates that at this time 
he was about 100 yards from that vehicle and that his train 
was going at a speed of about 35 miles an hour. He turned 
off steam, applied his brakes and reversed his engine, but 
he was unable to bring his train to a stand in time to avert 
the collision. 

Signalman Staunton states positively that his starting 
signal was never lowered at all for the engineer's special train, 
and the balance of evidence therefore supports his state- 
ment; therefore the responsibility for this accident must rest 
mainly on driver Carroll for running past that signal at 



danger. He has an excellent character and had been on 
duty just under 10 hours. 

This curve undoubtedly interfered with the view of Carroll, 
but it did not interfere to the same extent with that of fire- 
man Rapple, who was on the left side of the foot-plate. An 
examination on the spot showed that it was possible for 
Rapple to have seen the van in front of him when at a distance 
of over 300 yards from it. Therefore, that if Rapple had 
been keeping a good look-out he would have seen the cattle 
train in time to have allowed of his own train being brought 
to a stand before coming into collision with it. 



Behveen Howdcn and Wresslc, N.E,R., on ijth 
January, Lt.-CoL P,G, von Donop, R,E,, reports that: — 

The 2.20 a.m. special goods-train (Hull to York), con- 
sisting of an engine, 60 wagons and a brake van, was run 
into by the 2.40 a.m. up mineral train from Hull to Peckfield 
Colliery, consisting of an engine, tendfer, 70 empty coal 
wagons, 4 oil tanks, and a brake van, at a speed of probably 
between 15 and 20 miles an hour, and the damage done to 
rolling stock was considerable. One guard was killed, and 
the other injured. 

Howden and Wressle stations, on the Hull and Selby 
branch of the N.E. R. are 2 miles 1,740 yards apart. The 
up-line is on the south. Howden signal-box is provided with 
the usual distant, home and starting up signals, the latter 
being situated at a point 509 yards to the west of the signal- 
box. The collision occurred at a point one mile 90 yards to 
the west of the Howden signal-box, that is, 1,341 yards ahead 
of the Howden up starting signal. 

The goods train had been duly offered to, and accepted by, 
the signalman in the Wressle signal-box, and it had passed 
the Howden signal-box at 3.41 a.m. Driver Turpin, of the 
goods train, states that soon after he had passed the Howden 
starting signal his injectors broke down and he had to bring 
his train to a stand, at 3.45 a.m., with its rear end i m. 
90 yds. beyond the Howden signal-box. Guard Smith came 
up to the engine to ascertain what had happened. The driver 
succeeded in getting one injector to work, so he decided that 
the best course to adopt would be to run back to Howden 
and put his train into the sidings there clear of the main line. 
Turpin arranged that his fireman, Dunham, should walk 
back to the Howden signal-box to obtain a wrong line order 
form, and that guard Smith should meanwhile protect the 
rear of the train. Dunham and Smith both walked back to the 
rear of the train, but, as they were walking on different sides 
of it, they did not have any conversation together, and all that 
Dunham can say with regard to Smith is that he saw him a 
short distance behind him when he himself reached the brake 
van. Dunham walked on towards the signal-box, and when 
close to the down distant signal, situated at a distance of 
S20 yards from the Howden box, i.e., 1,030 yards from the 
rear of his own train, he saw the mineral train approaching. 
He states that he at once showed a red light and shouted to 
attract the driver's attention, but he does not think that 
either the driver or fireman saw or heard him. 

Driver Took, who was in charge of the engine of the 
mineral train, states that when he approached Howden all 
the signals were off for him, so he ran past them without 
checking, at a speed which he estimates at about 20 miles an 
hour. When he was about 50 yards from the van of the goods 
train he saw the light of it, so he at once applied his brakes 
and turned off steam, but he was unable to stop his train in 
time to avert the collision. He attributes his not having 
seen the lights sooner to the fog which prevailed at the time. 
Both he and the fireman state that they did not run over any 
detonators after passing the Howden signal-box. 

Signalman Pool was on duty at the time in the Howden 
signal-box, and signalman Firth was on duty in the Wressle 
box. Firth made the mistake of giving the "Train out of 
section" signal for the goods train whilst it was still in the 
section, and the responsibility for this accident consequently 
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rests primarily on him. Pool must, however, be held larg-ely 
responsible for it. He duly received a message from Firth 
asking: him to stop the train when the engine was only about 
50 yards beyond his box; it was, therefore, still at a distance 
of about 450 yards from the starting signal, and there was 
ample time for Pool to have put that signal to danger. The 
only reason which Pool can give for not having done so is 
that Firth had not sent him the proper ''Obstruction danger" 
signal. This was undoubtedly the case, but it in no way 
justified Pool in refusing to take action on such an important 
request as Firth had made. His neglect to do so is inex- 
plicable. 

It is clear that the rear of the goods train was not pro- 
tected at all by detonators placed on the line. Smith was 
still in his van when the collision occurred and was killed. 



Near Hull Station, N.E.R., on jist /anuarv. Lt-CoL 
P. G, von Donop^ R,E,^ reports that: — 

The 5.17 p.m. passenger train, Scarborough to Hull (en- 
gine, tender and 4 vehicles), ran into a light tank-engine 
which was running on the same line in the facing direction; 
9 passengers complained of injuries. Both engines were very 
severely damaged. 

Driver Kitching, of the light engine, corroborates the 
evidence of the signalmen. He states that the signals were 
duly lowered for him to run up to the up home signal of the 
Park Street box, and that he brought his engine to a stand 
at that signal; the signalman then gave him a white light, 
and shouted ** Right for the loco.,** so, after a short delay 
caused by a difficulty in getting his engine to move, he set his 
engine back to run to the locomotive sheds. There is, how- 
ever, no doubt that the light engine did not set back along 
the **B'* road beyond No. 15 points, but that it ran through 
these points along the **A** road, thus running back in the 
facing direction towards the West Parade box, on the same 
road on which it had come forward. When approaching 
that signal-box, driver Kitching suddenly observed that he 
was on the wrong road. He at once shut off steam and 
applied the brakes, but his engine burst the connection No. 
52 between the *'A** road and the up line, and, just as it was 
coming to rest under the Argyle Street bridge, it came into 
direct collision with the engine of the Scarborough train, 
which was approaching the station on the up line. 

This collision was due to the fact of the light engine hav- 
ing run back through Xo. 15 points from the **B** line on to 
the **A*' line instead of continuing back along the **B** line 
and thence along the connection leading to the engine sheds. 

The result was probably due to one of two causes — either 
the light engine had not passed through No. 15 points at the 
time that they were set for the **B** road, or the points were 
never set for that road at all. 

The most probable cause of this accident was that No. 15 
points were not restored by signalman Moverley until after 
the light engine had run through them, and that the light 
engine consequently took the wrong road at those points. 
To signalman Moverley *s mistake this accident must there- 
fc re be attributed. 

Driver Kitching should have discovered sooner than he 
did that his engine was on the wrong road. Kitching states 
that the reason he did not discover this sooner was that he 
w.is getting his kit ready to go home; had he been keeping 
a good look out instead this collision might have been 
averted. 

The only other point to which attention need be called is 
the absence of a fixed signal for the operation of running 
from the **A** road to the down shed line. Had a fixed signal, 
properly interlocked with the points, been provided for this 
movement this collision would not have occurred. Doubtless 
the use of this movement was not anticipated when the sig- 
nalling arrangements were installed; if, however, the Co. 



finds that this movement is a necessary one a fixed signal 
should certainly be provided for it. 



Near Monkseaton, N.E.R., on 20th Februarv. Lt.-CoL 
P. G. von Donop, R.E.^ reports that: — 

At about 2 p.m. on 20th February, Elizabeth Chapman, 
aged 13, was found lying across the line near Earsdon Grange 
signal-box, and she had evidently met with her death by com- 
ing into contact with the live rail which is used in connec- 
tion with the electric train service recently installed between 
Newcastle and Monkseaton. 

The line is double. Each line is provided with a 'Mive*' 
rail for electrical working, these two live rails being both 
situated in the six-foot way; each of these **live** rails is fixed 
at a lateral distance of igins. from the nearer rail of the 
line which it serves, and the upper surfaces of the live rails 
are aJins. above those of the running rails. The live rails 
carry a current the potential of which is 550 volts. There 
is on the south side of the railway a village called New York, 
distant about a mile from the line, and on the north side of 
the railway there is a farm, known as Earsdon Grange, distant 
about 100 yards north of the spot on the line where the 
deceased was found lying. The deceased lived in the village 
of New York and had been employed at Earsdon Grange; on 
the day in question there seems no doubt that she was going 
from the village to the Grange. There is a public footpath 
leading from the direction of the New York village up to 
the railway line; the direction of this footpath for the last 200 
yards before reaching the line is north-west, and it crosses 
the line about 100 yards to the west of Ear.sdon Grange, it 
then bends towards the north-east and joins a main road 
just to the westward of the Grange. At this public footpath 
level crossing the electrical current is carried under-ground 
by means of a cable, and where the live rails terminate on 
each side of the crossing the^ are guarded by wood ca-sinj; 
for a length of 12ft. At a point situated 60 yards to the easi 
of this public footpath level crossing there is an occupation 
crossing for the use of Earsdon Grange; the gates of thi-s 
occupation crossing, which opens into fields on each side of 
the line, are kept locked, and the crossing is protected pre- 
cisely similarly to the footpath one described above. Tbi^ 
occupation crossing being nearer Earsdon Grange than the 
footpath one, forms a short cut from the public footpath to 
the Grange; on this account it is evidently customar>' for 
pedestrians, who wish to get to the Grange from the south 
side of the line, to leave the public footpath before reaching 
the line and to make use of the occupation crossing, climbin|^ 
the gate or the fence alongside of it. The spot where the 
deceased was found was situated 18 yards to the east of the 
occupation crossing. There is a signal-box on the south side 
of the line situated 160 yards to the east of the spot where the 
deceased was found, and it was from this box that she was 
seen lying on the line by signalman Johnston, who was on duty 
at the time in that box. The line in the neighbourhood c.f 
the spot where the accident occurred is enclosed by a^ fence 
4ft. in height, consisting of wooden posts and rails; it is a 
substantial fence, but one which can easily be climbed. 

There are two recognised level crossings by which acces^s 
is gained between Earsdon Grange and the .south side of the 
line, and that at both these crossings efficient safeguards are 
provided to prevent pedestrians from coming into contact 
with the live rail. I consider that reasonable facilities are 
provided to enable the public to cross the line in safety, and 
that further guarding of the live rail at other points in thi> 
neighbourhood seems hardly to be called for. 

It was noted, however, that though a notice board warn- 
ing people of the danger of the live rail had been erected ;*l 
the public footpath level crossing, no such board had been 
provided at the occupation crossing, though this has since 
been fixed. 
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Sir Walter Plummcr, M.P., and Dr. Roland 
Philipson have been elected directors of the North-Eastem R. 

The Rt. Hon. Lord George Hamilton and Mr. Wm. 
H. Brown have been elected directors of the Metropolitan 
District R. 

Mr. W. M. Acworth has been elected a director of the 
Midland and South-Westem Junction R. 

Mr. Wm. Guy Granct, secretary of the Railway Companies' 
Association, has been appointed assistant general manager of the 
Midland R. in succession to Mr. E. W. Wells, who resigned 
on account of failing health. Mr. Granet was educated at 
Rugby and Oxford, and was called to the Bar in 1893. He was 
appointed secretary of the Railway Companies' Association in 
1900 when Sir Henry Oakley gave up the honorary secretaryship. 

Mr. Wm. Andrew, assistant chief goods manager for the 
North British R., has been appointed chief goods manager in 
succession to Mr. A. Rutherford, who has retired after a 
service extending over 54 years. 

Sir John Wolfe Barry, K.C.B., F.R.S., has been 
unanimously elected to succeed the late Mr. James Man- 
sergh, P.R.S., past president of the Institution of Civil Engi« 
neers, as chairman of the Engineering Standards Committee, 
which post Mr. Mansergh had occupied since the formation of 
the committee in 1901. 



The *' Limited " Express Trains between London and 
Penzance. 

With this month the Great Western R. Co. put on for the 
summer season the 'f Limited " express trains between Paddington 
and Penzance in both directions. Mr. Churchward has designed 
and built at Swindon three new and beautifully fitted trains for 
the service, the chief feature of which will be, as last year, that 
the trains run between Paddington and Plymouth without stopping. 
The complete journey is made in 7 hours. The carriages have several 
novel features to which we shall refer more fully when we publish 
the drawings of one of them. The carrying capacity of the trains 
has been largely increased without much increasing the tare 
weight by widening the carriages to 9ft. 6ins. at the waist and 
thus seating 3 a side in the first and 4 a side in the third class. 
There is no second class this year. The cross section of the 
carriages is uniform with the dining saloon and has the high 
curved roof in place of the clerestory. The corridor crosses at 
the middle from one side of the carriage to the other, an arrange- 
ment which provides •* outside" corner seats on both sides, 
balances the vehicle, and should tend towards steadier riding. 
The trains are equipped with electric light and the Lucas-Leitner 
system has been adopted. The seats are numbered, and are 
reserved upon payment of a fee of is. 

Lancashire and Yorkshire Railway; New Service 

from Goole to Bruges. 
The opening of the new ship canal from Heyst (Zeebruggee) last 
month by the Lancashire^ Yorkshire R. Co.'s steamer "Mellifont" 
is an important event, because it indicates that the ship canal 
from Heyst to Brussels is n earing completion. The Heyst- 
Bruges section is straight and about 7 miles long, and quite 
supercedes the canal from Ostend to Bruges, which is more than 
twice the length and not straight. 

From Bruges to Brussels extensive works are in progress, and 
docks and warehouses on a large scale are making rapid progress 
at Brussels. The construction works of this canal are very 
interesting, more particularly when one remembers our own fiascos 
at Manchester. 

The Lancashire and Yorkshire R. Co. will now maintain a 
regular service to Bruges, and will increase its frequency in 
accordance with traffic requirements. 

Baldwin- Westinghouse Electric Locomotive. 

During the visit of the delegates to the International Railway 
Congress at the Westinghouse works at Pittsburg a great deal of 
interest was attracted to the new i5ooh.p. Bald win- Westinghouse 
single-phase alternating-current electric locomotive in use on the 
Westinghouse Interworks R. This locomotive had just been com- 
pleted by the Westinghouse Co. and the Baldwin Locomotive 
Works, and is in two parts, connected and controlled by the unit- 
switch system. The weight of the locomotive complete (both 
halves) is 135 tons, and the total length over buffers is 45ft. The 
maximum height with trolley down is 17ft. The diameter of the 
driving wheels is sf^., and the distance between their centres is 
6ft. 4ins. The extreme width of the locomotive is 9ft. Sins. 

The locomotive is equipped with six single-phase, single- 
reduciion motors, having a normal capacity of 225h.p. each, with 
gear reduction of 18 : 05. Induction r^ulator control is used 
with a pneumatically-operated trolley. It is equipped with the 
combined automatic and straight air brake and with pneumatic 
Sanders to sand the tracks in both directipiiS;_^}t^ jp^esigned to 
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operate on 6,600 volts trolley voltage, with a voltage of 140 to 320 
on the motors, and has a draw-bar pull of 50,000 lbs. at a 
speed of approximately 25 m.p.h. to 30 m.p.h. 

The " Brunswick " Patent Wcldless Steel Wheels. 
The Patent Shaft and Axletree Co., Ltd., of Wednesbury, are 
now putting on the market the '* Brunswick" Weldless Steel 
Wheels of both the disc and spoke patterns as shown in the illus- 
trations, and of which they are the sole makers. These wheels 
are made from solid steel ingots, and are made thoroughly homo- 
geneous by a process of forging and welding to any required 
dimensions and of any reasonable degree of hardness and 
ductility. 

They are equally suited for use under tenders, carriages or 
wagons. The spoked pattern is lighter than either a built up 
wrought iron or a cast centre. The following record of a test 
shows that these wheels are very strong. 




A centre, 33ins. diameter, was tested by Messrs. D. Kirkaldy 
and Sons with a one-ton tup falling 9ft. It was subjected to eight 
blows falling on the rim directly over a spoke, and was reversed 
after the fourth blow. After the 4th blow two spokes went 
slightly buckled, and after the 8th blow a hair crack was started 
and the flattening was 3*38ins. It afterwards recjuired six more 
blows on the rim midway between the spokes to destroy it. As 
the tendency at the present time is towards a stronger wheel 
centre in order to meet the continually increasing strains due to 
the use of high speed, continuous brakes and heavier axle loads, 
the "Brunswick" weldless steel wheel should be welcomed by 
engineers in charge of rolling stock. 

Peihan Railway, China. 

According to a Reuter telegram the first locomotive, drawing an 
inspection train with the chief engineer of the Peihan R. on 
board, crossed the Yellow River bridge (3,200 yards long) on the 
nth ultimo. The line, it is expected, will be opened to general 
traffic in November next. 



Cape to Cairo Railvs^ay. 

At the beginning of last month the British South Afrca Co. 
announced that the contractors, Messrs. Pauling and Co., for the 
extension of the Cape to Cairo R. beyond the Victoria Falls, had 
received information from Africa that the railway and telegraph 
lines had reached Kalomo, the headquarters of the North 
Western Rhodesia Administration, 90 miles north of the Zambesi 
Bridge. The construction of the 250 miles to the Rhodesia 
Broken Hill will be proceeded with immediately, and much of 
it built at the rate of a mile a day. 

The Zambesi Bridge, which was linked upon the ist of April, 
was to be completely rivetted, painted and finished by the middle 
of June, but it is interesting to note that 50 miles of railway north 
of the Falls were constructed before the material could be taken 
across the bridge, the locomotives, trucks, rails, sleepers and other 
necessaries being carried across the gorge by means of the 
electric transporter. 

Italian Single-phase Electric Railways. 

The French Westinghouse Co. have, we understand, recently 
secured the contract for the installation of the Westinghouse 
single-phase system on the Bergama, Valle Brembana R., Italy. 

The length of the line will be 30 kihms,^ and the gauge 
1*44 w. It will be worked by ^y^ 30-ton locomotives equipped 
with four 75-h.p. Westinghouse single-phase motors, multiple unit 
control, and pneumatically-operated bow trolleys. The power 
station is to be situated about i km, out of Valle Brembana, and 
will be equipped with three single-phase 500 KW. Westinghouse 
alternators, running at a speed of 500 r.p.m. There are to be 
no transforming sub-stations, and the line will be fed at the above 
pressure direct from the power house. 

This is the second single-phase railway contract in Italy 
entrusted to the French Westinghouse Co., as they had already 
secured the contract for the Rome-Civita-Castellana R. 

Incandescent Gas Lighting for Railway Trains. 
At the last annual meeting of the Institution of Gas Engineers* 
Mr. E. C. Riley, gas assistant of the locomotive department of 
the G.W.R., Swindon, read a paper upon incandescent gas 
lighting for railway trains, and in the course of which he gave the 
following interesting particulars of the experiments carried out 
upon the Great Western R.: — 

" After the questions of vibration and fixing had been decided, 
" those relating to ventilation of the lamp, prevention of draught 
"while securing an adequate supply of air, prevention of injury to 
'the bunsen flame and consetjuent loss of illuminating power by 
" the presence of small particles of dust or carbon in the fine gas- 
*' passage in the nipple arose, and received attention. The 
** experiments were all conducted with the aim of utilising the 
"existing carriage roof lamp, so as to avoid the expense of making 
*• or purchasing new lamps. The carriage first used for experiment 
* was of an old type which was known to give least room, and 
"offered most difficulty in carrying out the necessary alterations. 
" After several trials, it was found possible to secure a good, steady 
*• light, with the advantage of a saving of two-thirds of the gas 
" previously used; but as one of the objects was improvement of the 
" li'^hting, the actual results were that a light of 20 candles was 
" obtained with the incandescent burner with a consumption of 0*65 
"cub. ft. of gas, as against a light of 13*5 candles with 1*5 cub* ft. 
*• by the old method. AVhen the questions of illuminating power, 
" consumption, and steadiness had been satisfactorily dealt with, 
** considerations with regard to mantle endurance had to be taken 
"into account. For this purpose the carriage, fitted wiih incan- 
" descent burners throughout, was run regularly on a train for a 
" month between Swindon and Cardiff, with the result that in the ^ 
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* month's running, covering a total of 5»567 nailes, it was only 
** necessary to renew one mantle. After this, a large corridor coach, 
**with lavatories, Szc, was fitted. This coach ran for a month, and 
•* travelled 4,464 miles ; and again one mantle only had to be 
"reneweti. This was satisfactory, as it compared favourably 
•' with French results which were obtained ov^er a longer period. 
•* This carriage is still running, and the latest figures show that in 

* 14 weeks' continuous working, running 15,624 miles, only seven 
*' mantles had to be renewed in the nine lamps." 

Mr. Riley appears to have approached the subject " without 
any knowledge of French applications " which had been going 
on for some years, and the results of which were published 
widely in this country in the autumn of 1903. The chief, or one 
of the chief, facts discovered, after much trial and tribulation, by 
ihe French engineers was that anti-vibration fittings are useless 
on railway carriages. Mr. Riley arrived at exactly the same 
results after making 

" a series of experiments to ascertain how the effects of vibration 
" during the time the train was running, or the carriages were 
" being shunted, might be counteracted. For some of these anti- 
*' vibration arrangements provisional patent protection was 
'•• obtained ; but after many alterations and experiments — in each 
** case tested by the effect of running on a train— all anti-vibra- 
** tion devices of every kind were discarded, and a rigid connec- 
** tion of the burner on to the gas-supply pipe was adopted." 

This is a curious instance of engineers working independently 
of each other with the same object in view and arriving at 
precisely the same result. Mr. Riley also stated that some 
trouble that had been experienced with the gas lights on the rail- 
motor cars of the G.W.R., owing to the extra vibration caused by 
the engine, had been quite cured by the use of incandescent 
mantles. 

"The experiment was made on a wet, stormy day, and 
*' the car was run at a high speed through a tunnel and along an 
** exposed embankment. But the lights continued perfectly 
" steady and satisfactory. The consumption of mantles has been 
*'two for the 12 lamps in five weeks, during which time the car 
^* has run 2,928 miles. The effect in the rail motor, owing to the 
"car being open throughout and not divided into compartments, 
**is more brilliant and pleasing even than in the ordinary 
'* carriage. The lights assist each other ; and the appearance of 
**the row of lamps from either end is very striking and 
" attractive." 



Light Railways in Belgium. 

We have frequently drawn attention to the successful operation 
of the Sor. Nationale des Chemins defer Vidnaux^ which controls 
all the light or feeder railways in Belgium. 

During last year this company obtained concessions for 19 
new lines, of an aggregate length of 373*3 kiloms., making the 
total number of lines conceded 139 and their length 3,430*5 
kiloms. Of these lines 11 15, having a length of 2.500 kiloms., 
are in operation, and which is equal to nearly 5 kilos, per 10,000 
inhabitants, or 11 '6 kiloms. per 10,000 hectares. About 477 
kiloms. are 3ft. Gin. in gauge, only 37*3 normal gauge and the 
rest metre gauge. Of the lines open to traffic 2,398 kiloms. are 
worked by steam and 97 kiloms. by electricity. 

The capital of these railways is 196,830,000 frs., of which the 
State holds 39*8%, the Provinces 28*4 "^o, the Communes 30 i %, 
and others 17%. 

The rolling stock consists of 477 locomotives, 2 motor car- 
riages, 1,185 composite ist and 2nd carriages, 52 brake carriages, 
281 baggage vans, 2,915 high-side wagons; 589 closed wagons ; 
374 low-side wagons and 47 miscellaneous wagons. For the 
electric lines there are 127 motor cars, 107 closed and 36 open 
trail-cars, and 6 goods wagons. 



As regards the safety of these feeder railways the following 
particulars are interesting. In 1904 the kiloms. run were 
iS,i45»888,and the total casualties were 37 killed and 46 injured, 
including 15 killed and 7 injured under the head of "Suicide, 
drunk or deaf" ; 4 killed and i injured "asleep on the track"; 
and 9 killed and 13 injured while crossing in front of the trains. 
Only I servant was killed and 7 were injured, 3 passengers wei:e 
killed and 7 injured by entering or leaving trains in motion, and 
4 others injured by a collision. Altogether i person was killed 
per 2'44 million kiloms. run, and i injured per 3*04 million 
kiloms. run. 

The dividends paid are : to the State, 3*09 % ; ^o ^^^ Provinces, 
rates varying from 3*65 % to 1-877 % J ^^ ^^^ Communes, 3*25 %, 
and to shareholders, 473 % ; the average return on the whole 
capital invested being 3*21 %. This successful result has only 
been obtained by cutting down the capital cost to the " rock 
bottom," giving the luxury of electric traction a wide berth and 
subsequently working the lines with great 
economy. The metre and 3ft. 6in. gauge 
lines cost, on the average, to construct 
and equip, 47,635 frs. per kilom., the stan- 
dard gauge lines 65,122 frs. per kilom., 
and the electric lines 142,389 ^^s. per 
kilom. 

The total receipts were i3»534»i56 ^s., 
of which 9,705,372 frs. came from passen- 




r 



gers, 46,128 from parcels, 3,572,842 frs. from goods, and 209,813 
frs. miscellaneous. 

The passenger lines, including most of the electric lines, and 
which do not carry goods, are worked at 71 "59% of the receipts ; 
the lines which do carry goods are worked at 66*55% ; the general 
average being 6757%. 

For the passenger lines the receipts and expenses per day- 
kilom. were 67-94 frs. and 48 64 frs., per train-kilom 0*68 fr. and 
0-49 fr., and per route-kilom. per annum 24,865 3 frs. and 
17,801*2 frs. 

For the goods and passenger lines these particulars are : — 
Per day-kilom., 13-04 frs. and 8*67 frs. ; per train-kilom., 097 frs. 
and 065 frs.; per route-kilom. per annum 4,771 frs. and 
3, 1 74*9 frs. 

The director of this well-managed company is Mons. C. de 
Burlet, and we append a diagram which shows at a glance the 
progress of the undertaking since 1885 ^^ ^^^ end of last year. 

In conclusion we may add that it is now possible to travel 
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(not in through carriages) across Belgium in any direction entirely 
by these light railways, as they have been so largely linked up 
that but few gaps remain. 



Books, Papers, and Pamphlets. 

The Mechanical Handling of Material, By Geo. Fredk. Zimmer 
A<uo.M.Inst.C.E. London : Crosby, Lockwood and Son, 7, Stationers' 
Hall Coart, E.C 1905. 

This is one of the most important of the technical treatises 
that have been issued for some time. It is the only work on the 
subject in English, and the author states that he has been unable 
to discover a " complete and connected treatise " on the subject 
in any language. 

The title, though a very comprehensive one, accurately 
indicates the contents of the book, which is the result of carefully 
digested notes, data, tables, and general information collected 
during an experience in the designing and construction and 
erection of plant for the mechanical handling of material extend- 
ing over a period of twenty years — in short, it conveys to the 
engineering profession the benefits of the knowledge and experi- 
ence of an expert and specialist. 

Illustrations are a feature of the work. Altogether there are 
542 figures, but as many of these are folding drawings the mere 
number of them does not give at all an adequate idea of the 
prominence which has, very properly, been given to, on the whole, 
good illustrations of the plant and appliances described. 

Chapters I. to XIV. are devoted to the Continuous Handling 
of Materials by means of elevators ; conveyors (worm, push-plate or 
scraper, trough cable, band and metal band); picking belts; 
travelling and vibrating troughs ; gravity or tilting bucket con- 
veyors; pneumatic elevators and conveyors; and conveyors for 
special purposes, such as timber, hot coke, &c. There is also a 
chapter on the tightening gears for elevators and conveyors, and 
summary of driving power required, speed of travel, and wear and 
tear of elevating and conveying machinery. 

The next section. Chapters XV. and XVI., deals with the 
Intermittent Handling of Material, and treats of endless chain 
and rope haulage; rope ways and aerial cable ways, including 
appliances for coaling at sea. 

The third section. Chapters XVII. to XXIV., covers Unload- 
ing and Loading Appliances, such as skips and garb; the discharge 
of vessels and barges by means of elevators ; self-emptying boats 
and barges ; discharging railway trucks ; coal tips ; colliery 
tipplers ; and automatic loading devices. 

The last section, Chapters XXV. to XXX., includes miscel- 
laneous subjects, viz., automatic weighing appliances ; locomotive 
coaling plants ; coal handling plant for gas-works, power houses, 
&c. ; floor and silo warehouses for grain and seeds ; coal stores 
and coal silos ; and high-level or cantilever cranes. 

While it is difficult to pick out from among so many chapters 
of almost uniform excellence any that might be described as the 
best, we have no difficulty in selecting as the poorest No. XX. 
Discharging of Railway Trucks. A comparison between British 
and American Railway Rates cannot be usefully stated in a few 
lines, and much better British-built examples of hopper wagons 
might easily have been obtained than any of the British (with the 
exception of the G.W.R. ballast wagon) and German ones illus- 
trated. With this exception the book is a valuable addition to 
the technical literature of the country. 



Books Received. 

^arih and Rock Excavation. A practical treatise. Bv CHARLES Prku.n I. 
With tables and many diagrams and engraviops. New Vork : D. Van 
Nostrand Company. London : Crosby, Lockwood and Son, 7, 
Sutioners' Hall Court, Ludgaie Hill. 1905. L357 PP- ^tku by 6ios., 
price 16;. net.] 
The Compound Engine. An introductory manual. Bv W. J. Trnnant, 
A.M.L Mbch. E. London: Percival Marshall & Co., 26*29, Poppin's 
Court. Fleet Street, E.C. [202 pp. 7ins. x 4tin., price is. 6d. nel.l 
Summer HoUdays. By Percv LiNDLBV. London : 30, Fleet Street. 

This is the Great Eastern R.Co.*s new handbook. It is an excellent guide 
to East Anglia and is of a convenient si^^e ibr the pocket It contains a list 
of all the eolf links on the G.E.K. and is full of good coloured illustrations. 
The Miniature Hallway at Blackftool and the building of the " Li/ile Giant. ^* 
Published by the Miniature Railway of Great Britain, Ltd., 22» Kings- 
well Street, Northampton. 
This pamphlet describes the construction of an "Atlantic'* type engine 
about one-quarter full size, and its testing upon the Duke of Westminster's 
private railway at Eaton Hall. It is fully illustrated. The Little Giant weighs 
2,40olbs., and its tender 85olbs., and develops 8 h.p. It attained an average 
speed of 22^ miles per hour with a load of 2| tons behind the tender. 

Eleotric Loconfiotives ; Metropolitan Railway. 

The first of ten 50-ton electrical locomotives has just been sup- 
plied to the Metropolitan R. by the British Westinghouse Com- 
pany, the contractors for the electrification, and will shortly be put 
in service both in the Harrow and Inner Circle section of the 
line 

They will be used for hauling the main line trains between 
Harrow and Baker Street, the steam locomotive that brings them 
up from Aylesbury, &c., being taken off at the former point and 
put on at the return journey. The trains used on this portion of 
the line are lao tons in weight, and the new locomotives will 
propel them at a speed of 36 miles an hour on the level. 

The same locomotives will oq used on the Metropolitan half 
of the Inner Circle for goods traffic and for hauling the steam 
trains of other companies possessed of running powers over it. 
The electrical locomotive will pick up the train at Edgware 
Road, being replaced by a steam locomotive at the point where 
the train leaves the Circle. 

The new locomotives will be equipped with four motors of 
30oh.p. each ; and a feature of interest is that, owing to the 
terminus facilities being somewhat restricted, it has been 
necessary to use motors of a smaller size than usual equipped 
with forced ventilation, so as to keep down the length of the loco- 
motives to convenient limits for handling at the termini. 

This course of substituting electrical locomotives for steam is 
the only one possible for running trains that have been designed 
for steam propulsion over electrified lines, and within a reason- 
able time the electrical locomotive will doubtless become a 
familiar object. In a subsequent issue we shall give further 
illustrations of these locomotives. 

The bogies, framing, &c., were constructed under a sub-con- 
tract by the Metropolitan Amalgamated Railway Carriage and 
Wagon Co., Ltd., of Birmingham. 



Electric Locomotive; Swedish State Railways. 

The illustration shows a single-phase electric locomotive, 
supplied by the British Westinghouse Electric and Manufacturing 
Company for the Swedish Government. One of the interesting 
features is the high trolley voltage for which the equipment is 
designed — 18,000 volts. — though connections are supplied for 
operating at several voltages lower than this, the minimum being 
3,000 volts. This high voltage necessitates the use of an oil 
cooled main auto-transformer, and an oil break circuit breaker, oil 
having insulating properties which have been amply demonstrated 
by service in high tension transmission. The intention is to 
experiment at various line pressures, with a view to ascertaining 
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Electric Locomotive ; Metropolitan Railway. 



the highest working; pressure suitable for the conditions prevailing 
upon the Swedish State Railways. 

The control system is electro-pneumatic, and consists of an 
air compressor driven by a single-phase alternating current 
motor, an air motor on the induction regulator, air cylinders on 
the circuit breaker and reverser and the necessary magnet valves. 
The air brakes and air sanders are also to be supplied by the 
above compressor. There are two connectors at each end of the 
locomotive, so that two locomotives can be coupled together and 
operated by one motor switch. The master switch is in the 
middle of the cab, and is so situated that the operator has a clear 
view in all directions without leaving his seat. 

The weight of the locomotive and equipment is 25 tons, all 
of which is on four 41 ins. drive wheels. Two 150 h.p., 25 period, 
single-phase motors are geared, one to each axle, with a gear 
reduction of 18 to 70, and have shown an ability to handle a 
70-ton train at 40 miles per hour, without exceeding the rise of 
temperature for which they were designed. 

The equipment has been so installed on the locomotive as to 
permit ready access to all parts. Only the small operating devices 



have been placed in the cab, and the lay-out is such as to allow 
of the greatest convenience in operation with a maximum of safety 
to the operator. 

The illustration shows the locomotive as sent out from the 
makers' works, and it should be noted that buffers and collecting 
device, &c., are beiftg fitted at the railway shops at Stockholm. 

This locomotive has been built to the requirements of Mr. 
Robert Dahlander, director of the Electrical Department of the 
Swedish Slate Railways, who is about to carry out a most inte- 
resting series of experiments upon the application of electric 
power for main line railway service. 



Electric Locomotive ; Swedish State Railway, 



40 Ton Steel Bogie Wagons; Great Western Railvyay 
By the courtesy of Mr. G. J. Churchward, M.Inst. C.E., 
chief superintendent of the locomotive carriag^e and waggon 
department of the Great Western R., we are able to publish 
the annexed drawings of the 40-ton bogie wagons which he 
has lately designed and built at Swindon for the company's 
'* domestic '* use., i.e., carrying their locomotive coal. 

The tare of these 40-ton wagons, which are constructed 
of steel throughout, is 18 tons 13 cwt., while that of a lo-ton 
coal wagon averages about 6 tons i cwt., so that on the 
haulage of dead weight there is a considerable economy. 
These wagons will also form a useful object lesson to private 
owners and serve to familiarise colliery owners, shunters and 
others with their use. As we have often shown the private 
owners have no direct financial interest in either reducing the 
tare of wagons or increasing their carrying capacity, and they 
are able to urge cogent reasons for not doing so, one of the 
chief of which is that it does not suit their customers to take 
their coal in large lots fthy more than it suits a railway com- 
pany to take its locomotive coal in 40-ton wagons. For some 
few years some railway companies have been making every 
endeavour to spoil this line of argument by using wagons of 
large carrying capacity, and these large wagons that Mr. 
Churchward has built are another step in that direction. The 
annexed drawings are fully dimensioned and show clearly 
the construction of the wagon. 

The dimensions of the body are 42ft. iijins. long, 7ft. 
8|ins. wide, 4ft. loins. deep. 

The length over the buffers 46ft., and between centres of 
bogies 31ft. Wheel base of bogies 3ft. 6in. Height from 
the rail to top of body unloaded is 8ft. gjins. The wagons 
have five discharging doors ^"Q^Q^fj^ed'fctljOU^^ 
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2ft. hi^h, and arc equipped with Churchward and 
Dean\s ** either-side " brake working blocks on all 
the wheels. The body plates are all butt jointed. 
Tlie axle journals are loins. by sins, and the wheels 
3ft. I in. diam. on the tread. 

The scantlingfs of the members arc as under : — 
Body plates, jV*"* thick. Side and end stanchions, 
sin- X 3^1"- >^ AT, the former being carried under 
the floor and riveted to the sole bars, which are 
6ft. Sins, apart. Floor plates, ^in. thick. The sole 
bars, longitudinals, headstocks and bogie centre 
bearers are steel channels loins. x 4ins. x Jin.; inter- 
mediate cross-bearers angles, Sins, x 3iins. x Jin. 
The depth of the truss on the sole bars and longi- 
tudinals is i4ins., and the section of the truss rods 
2ins. X I in. The struts are screwed and provided 
with nuts for adjusting the trussing. 

The bogies are similar to that illustrated in our 
issue for August, 1904. 
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Reinforced Concrete. III. 

Calculations. 
Mathematicians appear to have run riot when they have 
dealt with the calculations for reinforced concrete structures, and 
in this matter, if in nothing else, is it necessary for some common- 
sense individual to venture in and show to the "common or 
garden" description of enginecnng intellect how the abstruse 
methods of calculation rendered necessary, of course, by theory 
may be simplified so as to be used in actual work ? It is necessary 
to take certain things for granted, but nothing more has to be 
assumed than in cases of ordinary girder construction. 

The method given by Mr. Wason at the discussion on " Steel 
Concrete" before the American Society of Civil Engineers in 
1901 appears to be one of the most easily understood of all these 
formula and is as follows : — 

JV/ 



/ = 



6|// 



Where / = total fibre stress in sterl. 
fV = total load in lbs. 
/ = span in ins. 

d = depth in ins. from the top to the centre of 
reinforcing bars. 



LL.„^-... 




Fig. I. 

The concrete below the neutral axis is not considered in the 
computation. It is assumed that the steel takes the entire tensile 
stress and the concrete the entire compressive stress. The neutral 
axis is assumed to be halfway between the steel rod and the top 
of the concrete, fig. i, the centre of pressure in the top half is, 
therefore, f of the height from the neutral axis to the top and the 
distance between this point and the centre of the bar is f of the 
depth. 

The moment of the internal forces is, therefore, f d/y and as 
the bending moment for uniformly distributed load is JV/^ 

8 

we have i 4/ = -^ 

wi ^ ejvi ^ m 

iSd^ 4od 6ld 
if, therefore, it is assumed that 

/=» tension in steel* 16,000 lbs. per sq. in. 
= compression in concrete of 1:3:6 composition 

= 500 lbs. per sq. in. 

we have '^>^^^ = 3* ^' '"^* ^^ concrete for each 
500 ^ sq. in* of steel. 
Applying this to the case of a reinforced concrete beam 
shortly to be referred to, fig. 2, 6ins. wide, i6ins. deep, 15ft. span. 



or/ 



-^- - 



1 



/« 



6^ 



Fig. 2. 
ultimate load IV= 15ft. x 2,ooolbs. per ft. = 3o,ooolbs. 



ultimate stress /= 30,000 xi5xi2-r-6|xi4 = 57,982lbs. 

and this divided by the prescribed stress for steel and a factor of 

safety of 4 

57,982 -r 4 X 16,000 = 0*91 sq. ins. required. 
Now, applying it to a girder 3oins. deep and 6ins. wide of the 
same span and for the same loading, the depth to centre of rein- 
forcement being 28ins., 

ultimate stress/= 30,000 x 15 x i2-f-6| x 28 = 28.724 
and dividing again 

28,724 -^4x 16,000 = 0*45 sq ins. required. 

Mr. A. L. Johnson, however, in the same discussion held the 
opinion that it was essentially incorrect to regard the neutral axis 
as being fixed halfway up the beam as in the calculation above, 
and stated that in a series of beams 1 2ins. deep the neutral axis 
was found to vary from a height of 4*74ins. to io*2ins. above the 
bottom according to the disposition of the reinforcing rods. 

Mr. Johnson gave a different way of working, and stated the 
case of a steel concrete girder beam of equal strength above and 
below the neutral axis, 15ft. span, to have an ultimate breaking 
load of 2,ooolbs. per lineal foot. 

Neglecting the weight of the beam this is 

il/'= — = 675,000 inch-lbs. 

o 

Two cases (I. and II.) of different moduli of elasticity were 
given, in case I., 

i&, = modulus of elasticity of steel = 30,ooo,ooolbs per sq.in. 
£c = modulus of elasticity of con- 
crete in compression = 4,800,000 „ 
/*= elastic limit of steel = 50,000 „ 
/ = compressive strength of con- 
crete = 1,500 „ 
y^ = tensile strength of concrete = 200 „ 
d = width of section considered = 6 ins. 
a^=area of bars in sq. ins. 
i/= spacing of bars in ins. 
a*4-</=amount of metal per in. of width, in sq. ins. 






^=.ri+>'2 + ^ 



and the formulae work out as follows : — 

2 F E, 2 X 50,000 X 4,800,000. 
ifcE, 3 X 1,500 X 30,000,000 
and M^F^bjTy^-'tTy^ ^Jtby^ r^^^V^ 

^ 50^000 X ^e^/^^.^g y^ ^ ^"^-H ii6o o X 6 X 3'55 y, 
(^3:5p^^.^^M66,^ ^^, 

but — can be found as follows : — 



{ 75 ^ ' ,500 yi - 64 X 50,000 y^ Qj^^ 



200 X 4,800,000 "^ ( ^ 
,500 X 30,000,000^ / 
120 X 50,000 
= 0*00737 Vi 
substituting this value oi a^-r-d in the moment equation we have 
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M^ 17,625 ^'i^^^ 67 5,000 
or yi = 6'2oins. 

/= 6-20 + 22*o + 2 = 3o-2ins. 

a^ ^4-//= 0*00737 ^>'i = ooo737 x 6 x 6*20 = 0274 sq. in. 

or slightly more than one ^in. square bar. 

In Case II. different values oi E, and/ are taken as follows : 

-£'^=2,40o,ooolbs. per sq. in. 

/= 2,40olbs. per sq. in. 

the other values being the same. 

In this case, working through the same formulae, we have : 

;'j = 6'62 

^2 = 7*35 
c— 2 



/= 15-97 or say i6ins. 

and ~ J = 1*05 sq. ms. 

and this gives a beam 6ins. wide by i6ins. deep, with one lin. 
square bar imbedded (fig. 2) as the equivalent to Case I., in which 
the beam is found to be 6ins. wide by 3oins. deep, with one ^in. 
square bar. 

Comparing this with Mr. Wason's results it would appear 
that the latter are on the safe side, and the result is certainly much 
more easily ascertained than Mr. Johnson's figures are. 

In a paper read before the Western Society of Engineers 
(America) Mr. T. L. Condron gives the following formula for the 
moment of resistance for " average rock concrete of the composi- 
tion of one of cement, three of sand and six of broken stone, lin. 
and under in size, dust screened out " : — 

Where M^- moment of resistance, ultimate moment in inch 

pounds. 
/I = a constant to be taken as 450 for high elastic 

steel bars with positive bond to concrete, and 

275 when plain bars of ordinary structural steel 

are used. 
/*= percentage of steel, not less than 0*5 nor more 

than i'25. 
b = breadth of beam. 
d = depth „ 

This formula was, however, criticised by Mr. L. C. Sabin 
\ Efigineering Record^ April 22nd, 1905), who pointed out "that 
"for every quality of steel, every quality of concrete has its 
" proper percentage of reinforcement if the stress developed in 
*'each material is to bear a given ratio to its elastic limit or 
" ultimate strength. In other words, the percentage of reinforce- 
" ment is fixed by the relative working stresses allowed and by 
*• the relative moduli of elasticity. To use a smaller area of steel 
** than this specific percentage is to lower the working stress in 
'* concrete, while the use of a larger percentage, or excessive 
*' reinforcement, results in lowering the working stress of the 
'*• steel below the assumed safe value.'' 

Referring again to the beam of Case II. (fig. 2) above the 
value of M will be 

Wl _ 30,000 X 15 X 12 ^ 675,000 inch pounds. 
8 8 

and taking the value of « = 450, the equation becomes 
675,000 = (450 P+ 55) bd'^ 
675,000 = (450/^+55) 6x i62 
(675,000^6 X i62) - 55 = 450 ^ 
/>= 0*853 percentage, 
and in case the value of« = 275 
then /^=i'396 percentage. 



The percentage required by Wason's formula for the same 

beam is 

6 X T4X 100 -7- 0*91 = 100-7-92= 1*09 

Another formula is that said to be used by W. B. Wilkin- 
son and Co. for concrete of the best quality, laid by special 
workmen, and containing ^ of the sectional area in steel em- 
bedded in the lower half of the thickness. 

where IV =^ safe load in cwts. per foot super. 
/ = the thickness in inches. 
s = span in feet, 
then for the last example of beam (fig. 2) 

W-= 12 X 1424- 152= ic-67cwts.= i,i95lbs. per foot super, 
or 1,195 X 15 X J = 8,962lb5. on the beam in question ; 
but the beam is required to carry an ultimate load of 30,ooolbs., 
and in this case the factor of safety will be 

30,000 -r 8,962 = 3*34, which is too small. 
If a factor of safety of 4 be required, the formula would read 

ly^ ^o'2S^^ jn ^l^is case. 
Mr. A. J. Jenkins gives a formula of similar character to this : 



72 



but in this case the reinforcement is to be only ^'^^ the sectional 
area of the concrete slab. 

Professor A. N. Talbot, in his paper read before the American 
Society for Testing Materials, gives the formula for finding the 
neutral axis, as follows : — 

/^ = o'a6 + o*i8/ 
where /^ = proportionate depth of the neutral surface 
^== number of percentage of the steel area. 
Thus in the case of the beam previously referred to, where the 
percentage of reinforcement is 1*09, the formula will find:— 

>& = 0*26 + o-t8(i -09) = 0-26 + 0*1962 = 0-4563 
and the following equation is given for the value of the resisting 
moment : — 

j|f=(o*9-yV/)^5i/ 

where il/ = moment of resistance 

p = number of percentage of reinforcement 
A = area of the steel 
s = stress per unit of area 
</=disUnce from the top of the beam to centre 
of steel. 
For 1 per cent reinforcement this formula becomes J Asd, 
and for i J per cent, of reinforcement 0*8 Asd 

In the particular case before us, with the 1-09 percentage of 
reinforcement, we have — 



M^ (1-9 - j\(i*o9)\4sd= 0*825 Asd 



and filling in the values of Asd. 

J/=o*825 X 0*91 X i6,ooolbs. x uins. - 168,168 inch-lbs. 
but the ultimate bending moment is required to be 675,000 inch- 
lbs., which gives a factor of safety of 

675,000-7-168, 168 = 4'oi3 
which agrees very weU with the factor of safety adopted before in 
these calculations. 

Mr. H. Alexis d'O. Saubrey, of the Ransome and Smith Co., 
gives the following formula for the approximate value of d, the 
depth of the reinforced concrete beam — 



^ = 1,// 
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where /= length of beam in feet 
/=load in lbs. per square ft. uniformly distributed. 
Still neglecting the weight of the beam itself this works out, 
in the case already before us, to 

</= Ji—~ J'l.ooo 
30 30 

/ being 2,ooolbs. ultimate load on the beam per ft. run, or 4,000 

lbs. per ft super., and divided by ihe factor of safety of 4. 

4,000 

— — = r,ooo 

4 
so that ^becomes \ (31*62) = 15*01 ins. 
The corresponding stress is given by the formula 
s in tons = \d 
and f (15-81)= 11*86 tons = 26,5661bs. 
and giving i6,ooolbs. to each sq. in., the amount of steel required 
will be 

26,566-7-16,000= 1*67 sq. in. 
on each foot width of beam, or 

1*67 -r 2 = 0*835 sq. in. for the 6inch width. 
Mr. Saubrey also gives the following formula to get at the 
depth of the beam in such a way as to eliminate the otherwise 
necessary assumption of the dead load, which is, of course, an 
essential feature in all the other formulas. 
The formula is 

/2 



125 30^^ 

where/ represents the live or superimposed load on the floor in 
lbs. per sq. ft., and / = span in feet. 

In the case in question / = 15ft., and p ^ 1,000 lbs. We 
have therefore : — 

a = - -f ^ V «,ooo -I- 10 
'25 30 

= 225 -t- 125 + i Vi,oio= 1*8 + i (3178) 

= 1*8 -f 15*89 = i7*69ins. 

which may be compared with the depth previously obtained of 

i5'8iins. 

The result of the second should, of course, give a greater 

depth, but in order to check this we may add the weight of the 

beam to the previous load of 1,000 lbs. per ft. run. 

12 lbs. to the sq. ft., lin. thick by i7'69ins. (the depth //just 

obtained) = 212*28 lbs. 

And by Mr. Saubrey's first formula we have 

// = 15 -^ 30 V^ooo + 212 = 17 4oins. 

The same authority also gives another formula for ascertaining 

the stress in a floor of the type shown in fig. 4, a common form 

of construction. 

-a ^ 



mm^ ^ 
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bp 



Fig. 4. 
The formula is : — 

I,20oZ> 1,100 

where s = stress in tons. 

P = load in lbs. per sq. ft. 
/= length in feet. 
Pi = thickness of slab in inches. 
D = depth of beam (including slab) in inches. 
a = spacing of beams in inches. 
In this case the following would result. 



^^(48-1-1.000 )225 ^ 6x225 

I,2COX 14 1,200 

= 7 1*28 tons, 
but of course the load is ten times the width of that in the case 
of the beam, so that to correspond this value of s should be 
divided by 10 which finds 

7i*28-Mo = 7i2 tons as the stress 
or 15,97 1 lbs. 
Area required at i6,ooolbs. per sq. in. 

^5>97i ^ 16,000 = 0*99 sq. ins. 
A result which not only provides for the carrying of the dead load 
of the beam together with the moving load/ per super, foot, but 
also for the support of the dead load of the slab floor. 

Enough then has been said to show that for practical purposes 
very simple formulas will meet the case, but it must not be 
neglected that everythmg depends on the strength and modulus 
of elasticity of the metal and the concrete, and the material should 
not be useti unless it is found satisfactory, and in accordance with 
the formula that is adopted. 



Compound Locomotives at Home and Abroad. 
By Chas. Lake. 
The introduction of compound locomotives on the Great 
Northern R. and their impending introduction on the Great 
Central R., added to the extended use which is being made 
of such engines on the Midland and Great Western systems, 
will revive in this country, once again, practical interest in 
the subject of compound locomotives; an interest which has, 
of late years, shown signs of lapsing into something very 
like apathy. 

The opinion that it is impossible — under the conditions 
which apply to locomotive operation — to obtain, in anything 
like full measure, the beneficial results arising from the 
employment of the compound principle in other branches of 
steam engineering, appears to be somewhat widely shared 
among engineers here, and this view is undoubtedly correct 
so far as it goes, for it is certain that no one has, up to the 
present, succeeded in obtaining results with compound loco- 
motives equal to those derived from marine and stationary 
engines as regards economy and efficiency combined. This 
is, of course, due to the fact that in the other branches men- 
tioned the conditions of working are practically uniform, 
the load and speed being virtually constant, whereas in the 
case of the locomotive these factors are frequently changing 
and the 9onditions generally are necessarily of a highly vari- 
able character. 

The much debated question as to whether the compound 
locomotive can be made to successfully compete against the 
** simple ** engine, after taking into consideration such 
matters as first cost, maintenance and so forth, appears to 
have been settled long ago abroad in favour of the former 
method. 

Upon the Continent the multiple expansion locomotive 
flourishes to such a degree in modern practice as almost to 
involve the extinction of the other type, just as in the past 
the single-expansion marine and stationary engine dis- 
appeared before the advancing popularity and consequent 
wholesale adoption of the compound condensing engine. 

Although it is not as yet possible to foretell whether we 
are likely to witness a reversal of policy in connection with 
British locomotive practice similar to that which has alread 
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taken place abroad, present indications are certainly favour- 
able to the assumption that such an eventuality may ultimately 
come about, although it will probably be many years before 
the condition of affairs existing abroad will have supplanted 
the methods at present observed in this country. 

To the introduction last year on to the Great Western R. 
of the first De Glehn-du Bosquet compound engine to work 
in this country as much as anything else must be ascribed 
the present indications of a disposition to submit compound 
locomotives more exhaustively to the test than before. 

As a set off to these anticipations there is to be considered 
recent locomotive practice on the L. and North Western R. 
This has been cited, not infrequently of late, as evidence, il 
that were necessary, of the unpopularity of compound loco- 
motives among British engineers. The circumstances of the 
case are however of a somewhat special character. As every- 
one is aware, changes in the ranks of those in authority are 
more often than not productive of other changes also, and it 
is known that Mr. VVebb*s ideas on the subject of locomotive 
design, and especially in respect of compounding, were not 
wholly shared by certain of his officers occupying responsible 
positions at Crewe. Although this did not deter the late 
chief mechanical engineer — a man of exceptionally strong 
personality and ability — from continuing the development of 
his system of compounding (in connection with which he 
achieved a far longer measure of success than some of his 
critics, professional and otherwise, are prepared to admit), 
\t bears a more or less direct relationship towards the altered 
policy now in vogue on the L. and North-Western R. after 
some 22 years of development on opposite lines. In any 
case, to sum up the whole question of locomotive compound- 
ing and to identify the many issues contained therein with 
the views and practice of any one individual designer — no 
matter what the degree of his success or non-success may 
have been — is obviously to treat the matter in the most super- 
ficial manner possible, better calculated to retard than to 
expedite arrival at the truth as to the merits and demerits 
of the principle under discussion. 

A great deal of controversy has taken place from time to 
time on the design of compound locomotives, involving such 
points as the number and arrangement of the cylinders, the 
relative angles of cranks, cylinder ratios, and so forth, each 
possessing vital importance and requiring consideration as a 
governing factor in the scheme of construction. By degrees 
a tendency to consolidate opinion with regard to the adoption 
of proportions best calculated to ensure the desired results 
being obtained is manifesting itself, so that it may reasonably 
be hoped that in time to come the principle of standardising, 
already so usefully employed in connection with the question 
of the features and dimensions necessary in locomotives for 
the accomplishment of certain specified duties, will be extended 
to the more abstract problems associated with the design 
and arrangement of compound cylinders. 

The two-cylinder compound locomotive, although still 
largely employed abroad, more especially in connection with 
goods traffic, does not enjoy the amount of popularity that it 
formerly did, although it would be by no means difficult to 
point to several recent examples of construction both in 
America and upon the Continent in which this arrangement 
is retained. The four-cylinder engine, especially of the 
balanced type, is coming increasingly into favour abroad, 
but opinion seems to be divided in this country as to whether 
the three or four-cylinder arrangement possesses the greater 



merit. It is to be anticipated, however, that comtiderable 
light will before long be thrown upon this latter point as a 
result of the employment of both types, built in accordance 
with modern standards, in diflferent styles, and from the 
designs of independent engineers such as will transpire when 
the new engines at present being built have been added to 
those already in regular service. The working results 
obtained with the three-cylinder Smith system compounds of 
the 4 — 4 — o type on the Midland and Mr. J. G. Robinson's 
forthcoming ** Atlantic,*' with the same cylinder arrange- 
ment and mode of operation on the Great Central, should 
provide useful material for comparison with those met with 
in connection with the De Glehn compounds on the Great 
Western, and Mr. Ivatt's new four-cylinder compound loco- 
motive on the Great Northern, whilst the performances of the 
De Glehn engine at present building by the Vulcan Foundry 
Company at Newton-le-Willows for the last-named railway 
will furnish additional data at a later stage. 

The majority of engineers, when designing compound 
locomotives, adapt them for variable methods of working at 
the will of the driver, by providing devices by means ol 
which additional power becomes available at starting or when 
working on up grades. It seems to have become recognised 
as an axiom that however much the design may differ from 
those of others in certain respects the presence of a **change 
valve '* or other appliance having the same object is absolutely 
essential. The Webb compounds were not provided with an 
appliance of this description either in the three or four-cylinder 
types, and whatever other qualities they possessed it is an in- 
disputable fact that they were not conspicuous as reliable 
starters. 

Every compound locomotive to be successful must either 
be provided with starting mechanism in one or other of its 
many forms or have a large h.p. cylinder area, thus placing 
it on an equal basis with a simple engine under all conditions 
of service. To ignore this principle is to invite trouble at 
more or less frequent intervals not only under maximum, but 
also under normal conditions. A reduced h.p. cylinder capa- 
city in conjunction with a starting device for utilising boiler 
steam at will in the l.p. cylinders seems to be preferred by 
most designers to the alternative plan of employing large h.p. 
cylinders and cutting off at an early stage in the piston stroke, 
but the latter system has its advantages and has given very 
good results so far as it has been tried. 

The method of disposing the cylinders is largely a matter 
of convenience, but the two arrangements most commonly 
resorted to are those in which the cylinders, either three or 
four in number, are placed either in line below the smoke-box 
to drive the same axle, or are arranged in pairs to drive 
separate pairs of wheels. In a few cases a combination of the 
two arrangements is employed, the cylinders being retained 
in transverse alignment at the bogie centre, with the con- 
necting rods varying in length to suit the differences in posi- 
tion of the axles to be driven. This plan allows of short 
steam passages between the cylinders, and at the same time 
the driving strains are distributed over two axles instead of 
being concentrated in one. 

The Vauclain arrangement of superposed cylinders by 
means of which only two connecting rods are required for the 
four cylinders has not been largely adopted outside America 
and Canada, neither can the tandem principle, with its 
various modifications, be described as popular, or as likely to 
become so according to present jgf^ff^^^pgy V^nOOQ IC 



]u\y» 1905. 



The Railway Engineer. 



195 



The cylinder arrangement adopted by Mr. H. A. Ivatt in 
his recently completed compound locomotive for the Great 
Northern R. is that referred to above as combining certain 
advantages of other types in the one engine. As will be seen 
from the illustration, fig. i, the locomotive is of the Atlantic 
(4 — 4 — 2) type, conforming in general outline to the No. 251 
class ** simple '* engines of the same type on this railway. 
The four cylinders are arranged in line below the smoke-box, 
the two high-pressure ones being placed outside the frames 
to drive the second pair of coupled wheels, whilst the two low- 
pressure ones are between the frames and drive the cranked 
axle of the leading coupled wheels. The slide valves are of 
the open backed balanced type, working above the cylinders 
for the h.p., and in the case of the l.p. they are balanced 
by strips working against a rubbing plate placed between 
them. The low-pressure steam chest is arranged between 
and not above the cylinders as in the case of the high-pressure. 



The high-pressure cylinders are 13 ins. diam. by 20 ins., 
and the low-pressure cylinders 16 ins. diam. by 26 ins. The 
coupled whels are 6 ft. 8 ins. diam. on tread, with 3 in. tyres. 
Other dimensions are as follows : — 

Wheel base coupled, 6 ft. 10 ins. 

,, ,, total, 26 ft. 4 ins. 
Boiler, diam. outside, 5 ft. 6 ins. 

,, length between tube plates, 16 ft. oins. 
,, heating surface, tubes, 2,359 sq. ^t. 
>. M J. firebox, 141 sq. ft. 

M M )> total, 2,500 sq. ft. 

,, grate area, 31 sq. ft. 
,, working steam pressure 200 lbs. 
The engine weighs, in working order, 69 tons, distributed 
as follows : — 

On bogie wheels, 18 tons 10 cwt. 
On l.p. drivers, 18 tons 5 cwt. 



Fig. I. — Atlantic (4—4 — 2) Type Compound Express Locomotive ; Great Northern Railway. 



VValschaerts' motion is employed for the outside and 
ordinary Stephenson gear for the inside cylinders, and two 
reversing levers with sectors placed close together on the foot- 
plate are provided. A vacuum lock placed on the middle of 
each reversing shaft enables each shaft to be locked in posi- 
tion from the footplate, thus obviating loss of motion between 
the shaft and footplate lever. This arrangement has already 
been applied by Mr. Ivatt to several other locomotives on the 
Cireat Northern R. 

The engine illustrated can be operated either as a simple 
or as a compound at the will of the driver, a change valve 
being provided to allow of the admission of boiler steam 
direct to the l.p. cylinders when extra power is required. A 
small auxiliary steam cylinder, in connection with a water 
dash-pot, is used for working the change valve, and the 
arrangement is such that the change mechanism is locked in 
position either for simple or compound working. 



On h.p. ,, 18 tons 5 cwt. 

On carrying wheels, 14 tons o cwt. 

A standard six-wheeled tender is provided having capa- 
cities of 5 tons of coal and 3,670 gallons of water, and weigh- 
ing, loaded, 40 tons 18 cwts., the total for engine and tender 
in full running order being therefore 109 tons 18 cwt. 

The comix>und locomotive at present building at the Gor- 
ton Works of the Great Central R., is substantially of Mr. 
Robinson's standard design of 4 — 4 — 2 type engine, several 
of which are in service. The only difference will be that a 
third cylinder, adapted for high-pressure working, will be 
located between the frames, whilst those outside utilise low- 
pressure steam. All the Great Central express engines of 
the 4 — 4 — 2 type are so built that they are readily capable of 
being converted to three or four-cylinder compounds by re- 
moving the steel casting between the frames below the smoke- 
box to make room for the other cyyndej^r,_CYlinri^s. The 
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substitution of a crank axle for the plain one fitted would be 
the only other alteration necessary to convert the existing- 
*** Atlantics '' to compounds if such a course were decided 
upon. 

Fig. 2 illustrates one of the most recent developments of 
locomotive compounding" in France. In contradistinction to 
usual practice on French railways the De Glehn cylinder 
arrangement and methods of working are not employed in 
this case. The engines of the class illustrated were designed 
by Mons. C. Baudry, locomotive engineer of the Paris, Lyons 
and Mediterranean R., and they have four compound cylinders 
operated on the Henri system which, although in many 
respects similar to that of Mons. de Glehn, is considered by 
some to be an advance upon the latter system in certain 
respects. The cylinders are placed virtually in line, with the 



engine is of the 2 — 6 — 2 type, a pattern unusual outside 
America, but possessing many advantages where traffic has 
to be worked expeditiously over sections of railways abound- 
ing in curves and gradients. There are four cylinders » 
arranged in transverse alignment between the front truck 
wheels and the leading coupled wheels, with the h.p. cylinders 
outside and the l.p. cylinders between the frames, all driving 
the same axle, viz., that of the intermediate pair of coupled 
wheels. 

The steam chests are placed above the cylinders, and 
Walschaerts' motion is used for working the valves, which 
are of the flat, balanced type. The pistons and valves ha\ e 
extension rods, working through the front covers. 

The boiler is of large proportions and has a coned ring 
next the fire-box. The latter is of the wide type, restinfj 



Fig. 2.— Four-Cylinder Compound Express Locomotive ; Paris, Lyons and Mediterranean Railway. 



h.p. ones outside the frames driving the intermediate pair of 
wheels, and the l.p. ones inside, and slightly in advance of 
the outside cylinders, driving the crank-axle of the leading 
pair of coupled wheels. The h.p. connecting rods are neces- 
sarily of greater length than those inside, being 9 ft. 10 ins. 
long as compared with the 5 ft. 9 ins. of the l.p. rods. 

Walschaerts' valve gear is employed for each of the four 
valves, and provision is made for independent regulation of 
cut off. This can be varied in the h.p. cylinders from 20 to 
88 per cent, of the piston stroke, but the l.p. cut-off remains 
constant at 63 per cent. An arrangement for admitting boiler 
steam to the second cylinders at a reduced pressure is pro- 
vided. 

The boik-r is of large size, with a Belpaire firebox. It 
carries a working pressure of 2281bs. per sq. in. The total 
heating surface is 2,3885 sq. ft., and the grate area 2^' 4 ^^^ 
ft. The h.p. cylinders are 13 J ins. diam. and the l.p. 21 J ins. 
diam., both having a stroke of 25 ins. The coupled wheels 
are 6 ft. 6 ins. diam. on the tread. Twenty of these loco- 
motives have recently been delivered to the P.L.M. Railway 
Co. f;;9m the works of the Franco- Beige Co. 

Fig. 3 illustrates the latest type of Golsdorf compound 
locomotive introduced upon the Austrian State Railways. The 



upon the tops of the frame plates, which are dropped through- 
out its length. The dome, upon which are mounted two 
safety valves of the Coale type, is located upon the coned ring 
of the boiler. The engine can be operated either as a simple 
or as a compound, and it, with others of the same class, has 
the following leading dimensions :- — 
Cylinder h.p. 14^ ins. by 28} ins. 

,, l.p. 24f ins. ,, 

Wheels, leading and trailing, diam. 3 ft. 4^ ins. 

,, coupled, diam. 6 ft. o ins. 
Wheelbase coupled, 12 ft. 9^ ins. 
,, total, 31 ft. i^ ins. 

The distance between rail level and centre line of the boiler 
is 9ft. 5 ins. 

2S2 tubes 2 ins. diam., and 17 ft. o| in. between the tube 

plates. 
Heating surface tubes 2^28*06 sq. ft. 
,, fire-box 14747 ^^- ^^^ 
total 277553 sq. ft. 
Among the latest locomotives put into service for working 
express passenger trains on the \ew \'ork Central and Hud- 
son River RR. are some four-cylinder compounds of the 
.\tlantic type. In this design, which is illustrated by fig. 4> 
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Fig. 3.— Golsdorf Compoand Locomotive ; Austrian State Railways. 



the cylinders are arrang^ed with the low-pressure outside the 
frames^ between the bogie wheels, and driving the rear pair 
of coupled wheels. The high-pressure cylinders are between 
the frames in advance of the smoke-box. These drive the 
crank axle of the first pair of coupled wheels, and owing to 
their being carried out beyond the usual position a greater 
length of connecting rod is possible, whilst retaining a normal 
length of wheel-base. 

Only two sets of valve gear are employed for actuating 
the four valves, the latter being of the piston type arranged 
tandem wise upon the same stem on each side of the engine. 
The gear itself is of the link motion type, driven off the l.p. 
driving axle. The locomotives were built by the American 
Locomotive Co. at their Schenectady Works, from the 



designs of Mr. Francis J. Cole, mechanical engineer. The 
first of the type was exhibited at the St. Louis Exposition, 
and in connection with this exhibit the builders issued a state- 
ment embodying their views upon the subject of compound 
locomotives, with special reference to those of the type under 
notice. This statement, which forms interesting reading, is 
as follows : — 

Two-cylinder cross compounds have been largely used in passenger service, 
and four-cylinder tandem compounds in freight service. In both the recipro- 
cating parts have, with the gradual increase in the size of locomotives, become 
very heavy, and driving wheel counterbalances have been increased to corres- 
pond. This increase of counterbalance, while improving the horizontal 
balance, has simply aggravated the troubles which result from imperfect 
vertical balancing, and they have been still more seriously affected by the 
great increase in speed required, especially in passenger locomotives. The 
use of four cylinders, arranged in pairs, so related md connected that the 
pistons of each pair are always moving. in opposite directions, and with recipro- 
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Vig. 4.— Four Cylinder Balanced Compound Locomotive ; New York Central and Hudson River Railroad. 



eating parts so proportioned that they are approximately of the same weight, 
makes it possible to either eliminate all counterbalance from the driving 
wheels or reduce it to an incomiderable minimum. This idea has been in 
several design?, notably the De Glehn engine, which has been largely and 
successfully used in France. In that engine the separate location of the two 
sets of cylinders makes it necessary to provide two ccmplete sets of valve 
motion, one being outside the frames and the other inside. This requires the 
use of motions of two different types which are not interchangeable. In the 
engine exhibited (Fig. 4) the four cylinders are in a group and are so related 
that it has not been necessary to duplicate the valve motion or to depart in 
any way from the best previously accepted practice. 

The use of four cylinders, two high ana two low-pressure, gives an oppor- 
tunity for compounding under the most favourble conditions, and with each 
bieh -pressure piston working 180 decrees from its low-pressure piston and the 
other pair working 90 degrees from the first pair the successive impluses from 
the four cylinders produce a remarkably uniform turning moment. This 
results in a much more rapid rate of acceleration when starting than has been 
possible with two cylinder engines or with many previous types of four 
cylinder engines. 

In order to avoid the concentration of work on a single driving axle it has 
been considered best to connect one pair of cylinders to the forward axle and 
the other pair to the rear one. This is accomplbhed by placing the h.p. 
cylinders iM^tween the frames and locating them slightly in advance oT the usual 
position, so as to secure the necessary length of space for the coimections, 
crossheads, ^ides, connecting-rods, &c. 

With this relative arrangement of each pair of one h.p. and one l.p. 
cylinders it has been possible to apply both a high pressure and a low pressure 
piston valve to the same stem, and to utilise the intermediate portion of the 
valve chamber as a receiver between the two cylinders. 

The advantages of this type of engine maybe summed up as follows : — 

(I) The elimination of counterbalance weights from the driving wheels, 
the engine being nevertheless in perfect balance both horizontally and 
vertically. This results in the complete absence of slip at high speed. 



(2) The more i erfect compounding which results from this arrangement of 
cylinders, whereby it becomes possible to secure more favourable cylinder 
volume ratios than with the two cylinder compound. 

(3) The consequent approximately uniform turning movement throughout 
each revolution. 

(4). The power of quick acceleration resulting partly from the aniform 
turning moment and partly from admitting to the l.p. cylinders at the lime 
of starting and through a special starting valve live steam at reduced pressure. 

(5). The reduction of stresses in the driving axles, crank pins aiiid other 
parts of the machinery due to the system of distributing power from the 
cylinders, approximately one-half being transmitted to the forward driving axle 
and one-half to the rear axle. 

(6). Increased hauling capacity and endurance at high speed, due princi* 
pally to the perfection of the compounding and the consequent economical ose 
of steam, but partly also on account of the perfect balance of the reciprocating 
and revolving parts. 

The New York Central Icxromotives of the type illustrated 

have the following dimensions : — 

Cylinders, h.p., 15^ ins. diam. by 26 ins. stroke, l.p. 26 ins. 

by 26 ins. 
Coupled wheels, diam. 6 ft. 7 ins., coupled wheel-base 

7 ft. o in. Total wheel-base 27 ft. 9 ins. 
Total heating surface, 3446* i sq. ft. 
Grate area, 50*23 sq. ft. 
Working pressure, 220 lbs. per sq. in. 
Adhesion weight, 49 tons 2 cwts. Total weight (engine) 

loaded, 89 tons 5 cwts. 
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Recent Patents relating to Railways. 
These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. VVheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C., 
from whom copies of the specifications can be obtained at an 
uniform price of 8//. each. 

Brakes. 9.273, 22nd April, 1904, / Gresham, H, E, 
Gresham, and G. Kiernan^ Cnwen Iron Works ^ Ordsall Laue, 
Salford. 

Relates to apparatus for connecting^ the vacuum brake system 
with the steam brakes of a locomotive. The steam valve a 
!s screwed into a ringf /r, supported by webs h from a spindle 
I, which passes through a stufling box fc. A lever m passes 
through a slot in the valve spindle t, and also through a slot 



The latch is, however, adapted to be automatically dis- 
engaged to release the lever m when the brakes are taken off 
by the piston rod 39, which engages an arm 38 on the latch. 
The controlling apparatus is shown applied directly to the 
ejector of the vacuum brake. To facilitate this the steam 
valve 7, which is operated as described in a prior Patent No. 
20,304^^, is contained in the casting of the control appar- 
atus. A stop valve 16 controls the admission of steam to a 
chamber 14, from which it can be allowed to pass to the in- 
jector. Modified forms of the invention are described in the 
specification. {Accepted 20th Aprils ^905*) 

Locomotives. 13635, i6th June, 1904, W, M, Smith, 
16 y Otter bum Terrace, Jesmond, Netvcastleon-Tyne, 
The cylinders of three cylinder compound locomotives are cast 
together in one casting, or are fixed firmly and directly to- 



in a piston rod g, the piston u of which works in a cylinder r. 
One end of the cylinder r communicates with the atmosphere 
through an aperture s, whilst the other end is in communica- 
tion with the train pipe of the vacuum brake. In order to 
relieve the valve spindle i from an axial pressure due to steam 
in the chamber / when the valve a is open, the valve spindle 
I is formed with an enlarged hollow portion v communicating 
by openings if with a chamber .v, which opens into an exhaust 
passage 4. A plunger y, fitting in the hollow portion v, is 
supported by the valve casing b, but is not held rigidly, as 
regards lateral movement, in order that it may accommodate 
itself to suit the valve spindle, and thus obviate the necessity 
of perfect alignment of all the parts. When the valve a is 
closed the chamber \ is in communication with the chamber 
/, by means of the valve 5, which forms the exhaust valve of 
the steam brakes. When the brakes are off, the piston u is 
forced upwards in its cylinder y by atmospheric pressure, and 
by pulling up the lever m closes the valve a. On air being 
admitted to the train pipe the lever m is freed and allows the 
valve a to open under pressure of steam, which passes by a 
chamber / and pipe c to the steam brakes. A cylindrical 
portion 42 above the valve a practically cuts off the steam for 
a certain movement of the spindle after the valve o has moved 
from its seat, whilst a similar part 43 fills the hole of the 
exhaust valve 5, so that valves a and 5 can be closed at the 
same time and either can be opened to increase or decrease 
the amount of pressure applied to the steam brake cylinder. 
The pressure in the chamber / depends on the pressure exerted 
on the lever m by the piston m, and thus on the pressure in 
the vacuum train pipe. When it is desired to prevent the 
steam brakes operating on the admission of air to the train 
pipe, a latch 3(1 may be pulled to engage a pin 37 on the lever 
m, to prevent the latter moving when the piston descends. 



gether by suitable flanges, and the main engine frames are 
formed with openings through which the outside cylinders 
are passed, the latter being afterwards secured to the frame 
by means of flanges. This construction enables the three 
cylinders A, B and A^ after they have been fitted and bolted 
together and without separating them to be got into position, 
the frame H being passed over the outside cylinders; it also 
enables the depth of the frame plates to be reduced, and the 




m»mttjtnf!m»rmt%^ 



capacity of the steam chest J the steam ports K and the 
exhaust passages L to be increased so as to give a free admis- 
sion of steam to the cylinders and a free passage for the 
exhaust steam from the cylinders, as, since these parts have 
not to pass through the openings H^ they are not restricted 
by the size of the openings, jjt^ctft^^ iOJ0©^l' 905) 
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Axle- Boxes (Wagon). 13,914* 2oih Juney 1904. J.J. 
Eley, Tht Grange, Outwood, Wakefield, York and T. Nawthrop, 
Newstead Terrace^ Outwood, near Wakefield. 
The sliding grease chamber or drawer C is provided with an 
internal overflow passage H, arranged to conduct any over- 
flow of oil direct to the bearing, instead of allowing it to drip 




over the front of the axle-box. It may also have side over- 
flow passages M, N. A bolt K is passed through the axle- 
box to secure the drawer in position. (Accepted 20th April, 

Buffers. 26,634. yih December, 1904. W. Gatwood, p, 
Cavendish Road, Chorllon-cum-Hardy, Manchester, and G. H. 
Williams, The Hermitage, Rhosddu, Wrexham, Denbigh. 
Relates to self-contained spring buffers for converting dead 
buffered vehicles into spring-buffered vehicles. Before apply- 
ing the spring buffer the projecting end of the sole bar is cut 
off level or nearly level with the headstock, and the buffer 
packing-piece removed. The buffer case or guide is formed 



Points and Signals. i2,8gg. phjune, 1904. C. Dutton, 
Tolladine Road, C. H. W. Edmonds, Albert Road, and McKetizie 
and Holland, Ltd., Vulcan Iron Works, Worcester. 
This invention provides means for proving or detecting elec- 
trically, that switch points are in their correct positions and 
properly secured in that position by the locking bolts or 
plungers, and that the usual locking bar has been moved 
Two locking bolts or plungers 3, 4 are provided for each 
pair of points, one for locking the points in their normal 
position and the other for locking them in their reverse posi- 
tion. These plungers are pivotally connected at one end to 
a sway beam 5, and their other ends are adopted to engage 
their respective notches in the usual split stretcher-bar 2, 
electric contacts 3a 4a being arranged in the plungers 3, 4, 
and co-operating with spring contacts 11, 12, connected with 
a battery 1 8 and electric locking and indicating devices 19, 
19a. A clip 20 fig. 4 is provided with a notch 22 on its inner 
edge, with which a tappet lock 23 is adapted to engage, the 
tappet lock working in a housing and being normally pressed 
outwards, into position to engage the notch or recess 22, by 
means of a spring 25. As shown the tappet lock 23 is pro- 
vided with a pin or projection 26 about which spring 25 works. 




I 
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of two parts A, A^ pressed out of sheet steel, and provided 
with stiffening webs B, flanges C, and a bell-mouthed end D 
flanged over as shown. A reduced portion of the buffer 
plunger is passed through the back plate H and secured by a 
cotter K. Two lugs H* are so formed on the back plate as to 
fit above and below the sole bar end, to which they are secured 
by a bolt. Bolts M^ M^ also secure the plate H to the head- 
stock and sole bar. In a modified arrangement the buffer 
case is cast in one piece and secured to a back plate H, or 
securing lugs may be cast integral with the chamber or case. 
(Accepted 20th April, igos) 



A stud 2y on the tappet lock 23 engages in a slot in the lever 
28 pivoted at 29, the lever 28 carrying at its upper end a 
metal contact piece 30, which, when the lever 28 is operated, 
makes contact with a pair of springs 31 which are connected 
with the circuit wires in any convenient or known manner, the 
springs 31 being mounted on an insulating support 32. 33 
is an electro-magnet connected to the circuit wires and battery 
18 through terminals 34, the armature 35 of the magnet being 
pivoted at 36 and provided with a locking arm 27 which, in 
the normal p>osition, when the magnet 33 is deenergised, 
engages a notch 38 in the tappet 39 which is pivoted at 40 on 
the lever A^ 41 is a guide roller or support for the tappet 
39. 42 is an indicator which is operatively connected to the 
short arm 43 of the armature 35 by means of rod 44. 45 
is the casing in which the parts are mounted, the casing being 
itself mounted on or adjacent to the interlocking frame* D 
fig. I is the lever in the interlocking frame for operating the 
switch points. (Accepted ijth April, igo^.) 

Brake Pipe Couplings (Automatic). 12,913. jthjune, 
igo4, G.J. Coles, 755, Dunsmuir Grove, Gateshead, Durham, 
According to this invention brake pipes are automatically 
coupled by the act of coupling the vehicles together. The 
coupling parts are provided with sockets c c^ and spigots d 
6} disposed in recesses e e^, and communicating with bifur- 
cated passages h h^, to which the train pipes are connected 
by flexible connections k k^. Flap valves m tn} are seated in 
the recesses e e^ and normally kept closed by the pressure qf T 
air in the brake pipes, but are adapted to be engaged aijl^ 
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opened bv the sockets c c^ as they pass into the recesses when 
the coupling parts come together. Valves n n* are also pro- 
vided on the ends of the sockets c c\ these valves being 
arranged to open inwards and normally kept closed by the 
pressure of the air in the pipe, but opened when the coupling 



parts come together, by the air released on opening the valves 
m m}. The brake pipe coupling is shown combined with an 
automatic vehicle coupling made in accordance with Patent 
No. 19275/ 1903. {Accepted ijth April, 1905,) 

Brakes (Pneumatic). ij,i77- loth June, igo^f, Th9 
Consolidated Engineering Co,, Ltd,, Gotha Iron Works, Slouch, 
Bucks, and H, E. Brown, Beachcroft^ London Road, Norbury, 
Surrey. 

This invention relates to means for effecting the rapid and 
simultaneous application of air pressure or vacuum brakes 
throughout a train, and consists in combining with rapid 
action valves e fitted at intervals in the train pipe, small, 
<^lectrically-operated supplementary valves /, adapted to 




admit a quantity of air insufficient alone to actuate the rapid 
acting valves, and providing a practically simultaneous and 
instantaneous light application of the brakes for service work- 
ing. The valve / has a seating for a ball h, held in a cradle 
i on the armature / of an electro-magnet fe. The magnet k 
is in a circuit /, passing through the train pipe and coupled 
by spring contact pins o. {Accepted ijth April, igo^.) 

Brakes (Wagon). 13,346, 13th June, 1904, E,J, Hill, 
II, Victoria Street, Westminster, 

This invention consists in providing the hand lever of a brake 
with a pawl, so constructed as to be capable of being instantly 



thrown into or out of operation, so that the lever may be used 
either as a free lever or a locking lever. The pawl is in the 
form of an inverted U-shaped shackle A straddling the lever 
and pivoted on a bolt a. It is held in the operative or inopera- 




tive position by a counterweighted lever E, which can be 
turned about the pivot bolt o and caused to bear against either 
side of a projection / on the shackle. A nose C is adapted to 
engage the rack D when the pawl is in the operative position. 
{Accepted ijth April, 1905-) 

Hand-Signal Lamp. 11,440, 18th May, 1904. V, J. 
Feeney, 60, Queen Victoria Street, London, 

This invention has reference to a tri-colour hand signal lamp 
in which the change of colour is effected by coloured trans- 
parent discs, which are normally at the bottom of the lamp 
out of the range of the flame, and are brought successively 
in front of the flame by the de- 
pression of thumb-pieces to the 
right or left of a handle which 
is placed at the back of the 
lamp. The lamp may be ar- 
ranged with a channel at the 
bottom into which the discs 
may drop, so as to keep them 
clear of the flame without un- 
duly reducing their diameter. 
The thumb - pieces operate 
curved levers pivotted about a 
horizontal axis, and connected 
by links at their further ends 
with frames carrying coloured 
discs, these frames being 
pivotted to opposite sides of the 
lamp. Between the two thumb- 
pieces is a spring thumb-piece 
under which either of the 
thumb-pieces operating the 
discs may be placed. For the 
purpose of preventing an am- 
biguous signal from being accidentally given a trans- 
verse rocking lever is so pivotted opposite the spring thumb- 
piece that the depression of either thumb-piece operating the 
signal disc rocks the lever and raises the end which is below 
the other thumb-piece so that the latter thumb-piece cannot 
be depressed so to bring its disc before the light without simul- 
taneously operating the former thumb-piece and dropping the 
former disc. (Accepted 6th April, 190^,) 

Signals. 9,848, 29th April, 1904, W. R, Sykes, Cedar 
Lea, Park Hill, Bickley, Kent, 

The operation of the signal is made dependent upon per- 
mision from a source other than the operator who directly 
actuates the original operating mechanism, and the signal 
returned to ** danger ** independently of any corresponding 
movement of the actuating lever in the signal cabin, through 
the medium of an electrically controlled thrust coupling 
adapted to render either operative or inoperative as regards 
one member, movement in the direction of the member com- 
municated to the other member of the coupling. A weighted 
casing a is connected to the upper part B of the thrust rod, 
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which constantly tends to descend to raise the arm C to 
** danger.'* The lower part B' is rendered operative or in- 
operative according to the position of a stop G, which is held 
in the path of the sliding bar / by an electrically controlled 
trigger K co-operating with an arm J, thus allowing B> to 



^ 




V"* 



raise B, or left free so that it can move aside, allowing the rod 
B* to rise without operating rod B. Or the part Bean descend 
and return the signal to ** danger *' without the part B^ being 
lowered. (Accepted 6ih April, igo^.) 

Draw and Buffing Gear. 2,oj6. ist February, igos, 
F. T. Millard and M, M. Undsley, North Western Railway, 
Rawalpindi, India. 

In flexible draw and buffing gear a washer lever e is intro- 
duced behind the draw spring /and connected to the couplings 
on either side in such a manner that any movement of the 



vehicle from the straight line pulls the lever e on one side, 
compressing the draw and buffing spring. Slots are pro- 
vided in the underframes to allow of the free movement of the 
levers and draw bar. (Accepted 6th April, igo^.) 

SPECIFICATIONS PUBLISHED. 
A.i). 1904. 
8393. LockiDg nuts, bolts, &c. Marshall. 
8519. Train pipe couplings. Boirault. 
8571. Railway and tramway points. Toogood. 
.. ^-JTS. Tablet, train staff and like systems for working traffic on single 
hues- Edmonds, McKcnzie and Holland, Ltd. 
9848. Signals. Sykes. 

1 1052, Points and crossings for railways or tramways. Brown. 
1 1074.— 11077. Railway or tramway signalling systems, British Thomson - 
Houston Co., Ltd. (General Electric Co.) 

1 1440. Tricolour band-signal lamp. Feeny. 

1 1 801. Signals. Pinder. 

1 1842. Apparatus for lighting railway vehicles by electricity. Wright. 



1 1954. Water level indicators for tenders of locomotive engines. Wright- 
12608. Bogies for railway vehicles. Timmis. 
12778. Central buffers and couplings. Johnston. 

12899. Point and signal apparatus. Dutton, Edmonds, and Mackenzie 
and Holland, Ltd. 

1 29 1 3. Couplings. Coles. 

13 1 77. Automatic vacuum or air pressure brakes. Consolidated En- 
gineering Co., Ltd. and Brown. 
13346- Wagon brakes. Hill. 

Apparatus for washing carriages, &c. Campbell and Campbell. 

Compound locomotives. Smith. 

Wagon ajtle boxes. Eley and Nawthrop. 

Fog-signalling apparatus. Thomas. 

Vacuum brake apparatus. Cloud. 

Fog signals. Smith. 

Apparatus for operating tramway points from the cars. Booth. 

Permanent way rails. Perry. 

Electrical apparatus for adjusting tram rail points from the car. 



13520. 
13635. 
13914- 
14077. 
14318. 
16039. 
20039. 
21 169. 
21642. 
Macaulay. 
22965. 
26472. 
26634. 
28486. 

874. 
2036. 
2922. 
6038. 
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Rail chairs. Young and Studd. 

Vacuum brakes for railway and like vehicles. Cloud, 

Buffers. Gatwood and Willans. 

Tram and vehicles tracks for roads and bridges. Gibbon. 

A.D. 1905. 
Hand lever for moving wagons, &c. Michel. 
Flexible draw and buffing gear. Millard and LinJsley. 
Triple valves for air brake systems. Allison (Levy.) 
Means fur locking the rocking-head on ^transition couplings. 



Electrically Operated Carriages; Metropolitan 
Railway. 

( Continued from /. 143.) 
In our April issue we published the drawings of the bodies 
ot the new carriages for the electric working of the Metro- 
politan R., and in our issue for May those of the underframes, 
and we now publish the drawings of the bogies together with 
some further details of the method of supporting the motors 
and of the brake. For these last we have to thank the West- 
inghouse Brake Co. 

The bogies were all built by the Metroix>litan Amalgamated 
Railway Carriage and Wagon Co., Ltd., of Birmingham, 
under the supervision of Mr. Ingram, carriage and wagon 
superintendent, and to whom we are indebted for the draw- 
ings. The whole of the electrical equipment was supplied by 
the British Westinghouse Manufacturing Co., London and 
Manchester. In general design the motor and trailer bogies 
do not differ widely, though, of course, the former is stronger 
and stiffer. Both are constructed of pressed steel plates, the 
dimensions of which are figured on the drawings figs i and 2. 
The quality of the steel and the tests which it had to pstss 
were the same as those given in our May issue for the under- 
frame steel. 

The method of attaching the bar to which the collector or 
shoe is attached is also clearly shown. The feature of the 
motor bogie is the method of carrying the motors, which are 
spring suspended quite independently of the bearing springs. 
The arrangement is shown by fig. 4 (and by dot and dash 
lines on fig. 2), and consists of two beams connected at the 
ends to cross beams which are suspended on springs from a 
bracket cast on the motor casing resting directly on the axles. 
The motors are supported on the beams. 

The brake gear was supplied by the Westinghouse Brake 
Co., and is of their ** quick acting ** type. The general 
arrangements for the motor and trailer carriages are shown 
by figs. 5 and 6. 

The pump or compressor is suspended from the underframe, 
and an outside view of it is given by fig. 7. It was specially 
designed for producing the compressed air required to operate 
the Westinghouse quick-acting brake and the electric multiple 
control system in use on the Metropolitan R. 



Digitized by 



Google 



]u\y,i9^5 The Railway Engineer, 203 



Fig. I. — Trailer Car Bogie, Electrically- Operated Carriages ; Metropolitan Railway. 



Fig. 2.— Motor Bogie, Electrically-Operated Carriages ; Metropolitan Railway. 
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The motor is of the well-known dust proof, series wound, 
consequent pole type, operating on a circuit of 600 volts, 
supplied with ample bearings, self oiled. It is connected 
direct to the air pump, the crank forming part of the armature 
shaft, which is connected to a sliding block operating in a 
yoke rigidly attached to the piston. The main bearing of 
the pump is of a substantial construction to withstand hard 
wear, and is self-lubricated from an oil well by means of a 




^'ig. 3. 



ring. The sliding block is arranged 
with a plunger end operating in an oil 
dash pot, formed on the yoke; this ar- 
rangement takes care of oiling the slide 
block and crank pin. 

The pump has both revolving and re- 
ciprocating weights fully balanced, and 
works practically noiselessly and without 
vibration. 

All working parts have been made 
interchangeable, and have been so ar- 
ranged that they can be got at easily for 
repairs and renewal. 




Fig. 4. — Method of Carrying Motors. 
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The valves are designed so as to give as little clearance as 
possible, thereby giving a great etticiency in output, and 
they are so arranged as to be readily withdrawn from the 
head for examination purposes when required. 

The speed of the pump is 250 r.p.m,, and when com- 
pressing to 90 lbs. per square inch it will deal with about 
38 cub. ft. of free air per minute. It is automatically con- 
trolled by means of an electric switch and governor, by which 
the motor is cut out of circuit when the pressure in the main 
reservoir has reached the maximum to which the governor is 
set, and is cut into circuit again when the pressure has 
dropped to the minimum to which the governor is also set. 



Superheaters in Locomotives on the Belgian State 

Railways.^ 

By Mons. J. B. Flamme, Inspector-G^ndral de TAdminis- 

trfttion des Chemins de Fer de I'Etat Beige, Brussels. 

The Belgian State Railway has recently put in service a series 
of simple expansion locomotives, the boilers of which carry a 
pressure of 14 atm. (2o5'8 lbs. per sq. in.), with an inside 
diameter of i'6oom. (5ft. 3 ins.), while that of the cylinder is 
520inro. (20^in.). This class of engine gives the maximum power 
obtainable by the simple expansion of steam. In fact every new 
enlargement of the cylinders would demand larger dimensions for 
the crank-axle and moving parts ; on the other hand, the necessity 
for clearing the loading-gauge limits the diameter of the boiler ; 
in short, with simple expansion it would be difficult to utilise 
steam with a pressure exceeding 14 atm. 

Under these conditions and in view of further increasing the 
power of the engines it becomes necessary to resort to some 
other system for increasing the useful work of the steam without 
enlarging the existing boilers. 

The two solutions under consideration are compound working 
and superheating of the steam. The first of these does not 
strictly come within the limits of this paper. 

Arrangements for producing superheated steam and the results 
obtained with a system that has been in service for more than a 
year will now be considered. 

Schmidt Superheater for Simple Expansion 
Locomotives. 

For some time the Locomotive Department had their atten- 
tion drawn to the favourable results obtained by using super- 
heated steam in industrial stationary engines. By superheating 
the theoretical cycle is improved, and the pressure is maintained 
The volume of steam is augmented proportionately to the rise of 
temperature, diminishing, however, its density. In other words, 
when the degree of superheat is sufficient to prevent the loss due 
to condensation in the cylinders, then the surplus heat contained 
in superheated steam is sufficient to reheat the walls of the 
cylinders, maintaining the temperature necessary to get rid of the 
condensation and the loss of work during expansion. These 
trials have brought to light a valuable property of superheated 
steam. It was recognised as a bad conductor of heat, contrary to 
that which obtains when steam is in the saturated state. 

These numerous advantages, tested by many trials under- 
taken by most competent engineers, are specially valuable to the 
locomotive engine. The employment of a practical superheater 
augments the power of the boiler, and the utilisation of super- 
heated steam is most economical. This is well observed in 
hauling heavy goods trains on sections of the line having heavy 
gradients. For it is then indispensable to reduce to the minimum 
the consumption of water and steam. For the suburban trains 
having frequent stoppages superheat is again highly recommended, 
because it reduces the condensation necessitated by the frequent 
stops. High speed is also favourable to the employment of 
higher superheated steam, the great fluidity of which, as well as 



its dryness, permit running with early cut-oifs, which helps the 
boiler just at the time when it is most hard pressed. 

On the other hand, the passage of saturated steam through 
the pipes (and steam ports) is more difficult, and entails inevit- 
ably an increase of condensation. Having in mind these various 
theoretical and practical considerations the administration of 
the Belgian State recognised the great utility of pushing on their 
investigations in this direction. 

It was in 1900 that the administration of the State Railways 
opened negotiations with M. Schmidt, the German expert, who at 
that period had already introduced some locomotives with steam 
superheaters formed principally of a series of rings placed in the 
smoke-box. 

This last plan, described in most of the technical newspapers, 
and applied to a Prussian State locomotive shown in Paris in 1900, 
adapted itself without difficulties to outside cylinder engines. 

It is not quite the same for inside cylinder engines which, as 
in England, are generally used in Belgium. In this case it 
becomes impossible to clear from the bottom of the smoke-box 
the cinders brought by the large flame-tube placed at the base of 
the barrel. 

On the other hand, a superheater, established in the barrel of 
the boiler and described later (fig. 5) ofliers some real advantages. 
It is lighter, less cumbersome, easy to clean and maintain, and its 
introduction does not necessitate any important modifications in 
the smoke-box. Consequently it was this kind of apparatus that 
the Locomotive Department adopted in a new type of powerful 
locomotive then being built in the Cockerill Works at Seraing. 

At the same time another important question presented itself. 
Was it absolutely necessary to superheat the steam to a tempera- 
ture reaching 30c' to 350° C. (572° to 662** F.)? It is evident 
that the more the steam is superheated the more necessary it 
becomes to give attention to the oiling of the piston-valves and 
cylinders and to the construction of the stuffing-box. With a 
view to getting a clear idea of the actual amount of superheat 
some trials were made with a superheater of small surface installed 
in the barrel of one of the locomotives, type 35, which will be 
described later. After several months of experiments it has been 
recognised that the utilisation of steam slightly superheated does 
not ofler any appreciable economy of fuel or increase of power. 
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Fifi^. i.—Six Wheels Coupled Locomotive ; Belgian State Railway, 

On the other hand, with the Schmidt apparatus placed on a 
locomotive, type 35, figs, i to 4, and provided with steam with a 
temperature varying between 300" and 350° C. (572* to 662" F.), 
some favourable results have been obtained. 

The locomotives compared, one using saturated steam and the 
other superheated steam, are both of type 35, with six coupled 
wheels of i-6oom. (5ft. 3ins.) with bogie in front The boiler has 
a round-topped fire-box, the roof of the furnace being connected 
to the arch by vertical stays. The fire-box, of a medium depth, 
bums coal with briquettes varying in quantity with the weight of 
the trains. The inside cylinders are made with piston slide- 
valves placed above, steam being admitted in the middle of the 
valve. This arrangement, with the Stephenson valve-gear, 
involves the employment of a rocking-shaft, which reverses the 
position of the valves compared with those having the exhaust 
port in the middle of the piston-valves. 

The six coupled wheels and the bogie are fitted with com- 
pressed-air brakes. The engine is illustrated in figs, i to 4. 
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Fig, 4. Fig. 2. 

Six Wheels Coupled Locomotive, fitted with Schmidt Superheater ; Belgian State Railway. 
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The principal dimensions are given in the following table : — 
Cylinders : — 



Diameter 


520mm. (2oJins.) 


Stroke 


66omm. (26ins.) 


Working Pressure 


i4atm. (205*81bs. per sq. ft.) 


Diameter of driving wheels 


i'6oom. (5ft. 3ins.) 


Height of centre of boiler above 




rail 


2 650m. (8ft. Syg^ins.) 


Tubes:— 




Length 


4*i3om. (13ft. 6iins.) 


Exterior Diameter 


50mm. (i}^ins.) 


Number 


271 


Heating surface :— 




Tubes, internal 


158-25 m-. (1,703 sq. ft.) 


Fire-box 


1 4 90 m*-^. (160 sq. ft.) 


Total 


173-15 m'-. (1,863 sq. ft-) 


Grate surface 


2 •84m-. (30J sq.ft.) 


Weight in running order : — 




I St axle 


9,740 K. (9.5 tons). 


2nd „ 


9,740 K. (9-5 tons). 


3rd ». 


18,215 K. (179 tons). 


4th „ 


17,850 K. (17-5 tons). 


S^h „ 


17,500 K. (17*5 tons). 


Total weight 


72,965 K. (71*8 tons). 


Adhesion weight 


53.565 K. (52-7 tons). 


Tractive effort / d" 11 D = 


16,128 K. (15-8 tons). 



The engine provided with the Schmidt superheater has less 
heating surface than the above, owing to the substitution of 2 1 
tubes of 118 mm. (4^ ins.) diameter for 103 tubes and 50 mm. 
(i{fin.). For this locomotive the internal heating surface in the 
tubes is 98'io m.'- (1,056 sq. ft.) and the total heating surface is 
130*056 m.'- (1400 sq. ft.). 

The exterior superheating surface is equal to 27-15 m.- 



The superheater proper is illustrated in figs. 2-4, and consists 
essentially of two parts. 

(i) A series of iron tubes of 118 mm. (4Rins.) external dia- 
meter, occupying the upper part of the nest of tubes and offer- 
ing like them a passage for flame and hot gases. 

(2) Some (J shaped tubes grouped in pairs among the flame 
tubes and used for the circulation of the superheated steam. 

A steam collector in several divisions is placed on the top of 
the smoke-box. Some supplementary parts complete the system. 

There must also be a diaphragm to close the flame tubes 
when steam does not circulate in the superheating tubes. This 
diaphragm is handled by the aid of a lever near the engine 
driver. 

A mercury thermometer shows the temperature of the super- 
heated steam at the entrance of the steam-pipe. The degree of 
superheat is read on a graduated quadrant placed in the cab. 

The large flame-tubes, which are of solid drawn iron, are 
screwed into the fire-box tube-plate and expanded in the smoke- 
box tube-plate. 

The superheating tubes, also of solid drawn iron, are pro- 
tected against the action of the flame at the fire end by cast- 
steel caps. 

In the smoke-box these tubes are expanded into flanged 
bushes fixed by bolts. The tightness is assured by means of 
asbestos joints. 

Copper, bronze and brass are usually excluded from all parts 
that come in contact with the superheated steam. For this 
reason the steam pipes are of iron, and the joints between these 
pipes and the cylinders are formed with cast-iron flanges. 

The metallic packings of the piston-rods and valve-spindles 
are composed of cast rings and white metal, the contact of which 
on the rod is obtained by a sp" """' \y^i^ .^^ 

ments of the rod. 
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Fig. 3. — Six Wheels Coupled Locomotive : Belgian Stale Railway. 

The slide-valves are cylindrics^l with ste^iin admission in the 
middle of the valve, which reduce.s the packing to simple bronze 
rings with lubricating grooves. The slack between each valve and 
the cylindrical chamber against which it rubs is closed by means 
of three castiron rings of suitable section, the steam pressing on 
the interior of the principal segment. 

l*he oiling of the cylmders and valves is done by a lubricator 
in six sections. The lubricant used is a mineral oil with a high 
flash point. 

The trials of these two locomotives took place with goods 
trains of accelerated speed and local passenger trains running on 
the Luxemburg line, the extremely undulating profile of which 
contains many inclines of t6 per 1,000. 

Each locomotive worked twenty-four goods trains weighing 
j:5ot. (346 tons) and twelve passenger trains weighing an average 
of 150 t. (147*6 tons). The total journey made by each engine 
amounted to 11^500 kilometres (7,146 miles). The saving of coal 
per train-kilometre in flavour of the superheated-steam engine was 
found to be 13*33 per cent., and the water comsumption was 
reduced 18 per cent. On the other hand, the expenses of lubri 
eating increased in a fixed proportion. 

After four months of trials on the Luxemburg line, more pre- 
cise experiments were organised with the through passenger 
trains on the Brussels and Charleroi line, which has a series of 
inclines of 13 per 1,000. For ten days, during which the 
climatic conditions remained invariable, these two locomotives 
hauled alternately the same train of 250 t. (246 tons). The saving 
in favour of the superheated-steam locomotive amounted to 12*5 
percent for fuel and 16*5 per cent, for water. Moreover the 
speed raised at the top of the incline showed an average increase 
of 95 per cent., all the conditions being exactly the same. 

As regards maintenance the superheated-steam locomotive, 
type 35, has not required special attention during its ij year's 
service. 



These early favourable results have led to the Belgian State 
Railway venturing on the application of superheat to locomotives 
on a larger scale. With this in view twenty-five locomotives, 
comprising five different types, all provided with the Schmidt 
superheater described above, are actually in course of construction 
or are about to be put to work. 

Amongst these last are a certain number of locomotives of 
»>pe 3S» which have fully confirmed the favourable results 
obUined by the first engine of this kind. 

Among the number of services actually and successfully run 
by these engines is to be particularly noted the hauling, from 
Brussels to frontier, of express trains going to Paris. These 
trains, whose tare weight of vehicles exceeds 340 tonnes (334^ 
tons), surmoiintthe 17 kilometres (10*56 miles) separating Mons 
and the frontier in 17 minutes, against a continuous upgrade with 
inclines varying from i in 125 to i in 55. 

Cockerill Superheater for Compound Locomotives. 

It is seen from the preceding that it is now known that super- 
heated steam as applied to locomotives is susceptible of giving 
remarkable results which come within the domain of practice. 
The State Railway has decided to persevere with their experi- 
ments in combining superheat with compounding, because they 
perceive that there is a most interesting question to elucidate. 

Is it more economical to divide the superheater into two parts 
in such a manner as to raise the temperature at the entrance to 
both the H.P. and the L.P. cylinders, or, on the other hand, to 
devote the whole power of the apparatus to superheating the 
steam before it enters the L.P. cylinders ? The Cockerill Com- 
pany, after ntimerous investigations, have just completed a super- 
heater that will enable them to settle this question. 

This entirely new system is being continually tested on a 
strries of compound engines, with four cylinders, and six-coupled 
wheels of I "So m. diameter (5ft. loins. diameter) with a bogie. 
This locomotive, called iglfis, possesses a boiler having an interior 
diameter of i 65 m. (5ft. sins.) diameter, and is pressed to 15-5 
atm. (227lbs. jier sq. in.). The H.P. cylinders are inside and 
connected to the leading coupled-axle ; the L.P. cylinders are 
outside and drive the second axle. The four cylinders are placed 
on the transverse axis of the bogie. The two valve motions of 
the Walschaert type are outside. They present several 
peculiarities due to the employment of cylindrical valves, with the 
steam introduced in the middle. The leading dimensions of the 
engine, type 19 ^ii, are shown in the table below. 



Diameter H.P. cylinders = 036 
„ L.P. „ = 0*62 

.Stroke = 0-68 

Initial pressure == '5*5 atm. 

Diameter of driving wheels - i -So m. 

Height— 

Rail to centre of boiler 

Tubes- 
Length of 

Number and outside s 
diameter ( 

Heating surface — 
Interior of tubes 
Of fire-box 



(14,-;, ins.) 
(24i:jins.) 

(227fbs. per sq. 
(5ft. 1 1 ins.) 



in.) 



= 2 80 m. (9ft. i^ins.) 

= 40 m. (13ft. i.Un.) 
= 30 of 107 mm. (4a*ins.) 
= 219 of 50 mm. (i;{.\in.) 

= 157-62 m*-. (1,696*6 sq. ft.) 
- 18-35 m*- ('97*5 sq. ft.) 



175-97 m^. (1,894-1 sq. ft.) 

Area of grate 301 m-. (32*3 sq. ft.) 

Tiie apparatus for superheating the steam may be used in two 
ways. One may heat the steam near to the entrance to the H.P. 
cylinder, and afterwards near to those of the L.P. cylinders, or at 
the entrance to the L.P. only. The superheater shown in fig. 5 
(page 9) indicates the general arrangement, comprising two series 
of large flame tubes containing the circulating pipes intended to 
superheat the steam. 

The role of the compartments C and If is placed inside the 
barrel, and ot the collectors y and Z>, installed in the smoke-box, 
will be dealt with later on in connection with the explanation of 
the working of the apparatus. Djgjtjzed by V^OOQ IC 
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In B there is a valve with three pistons intended to divert the 
steam coming from the regulator towards the compartment C, or 
into the tube Z, according as it is required to operate the super- 
heat to H.P. and L.P. or to L.P. only. The movements of the 
valve B are automatically repeated, thanks to the presence in the 
tube L of an identically similar valve located within B^. The 
destinations of the different pipes is made clear by following the 
course of the steam as explained below. 

First Case. ^Superheat at the entrance oj H.P. and L.P. — 
The steam on leaving the regulator A makes its way, after 
passing B^ towards the compartment C ; from there it traverses 
the left set of superheater tubes and enters the collector Z>, 
whence it goes to the H.P. cylinders by passing through the 
valve B^ and pipes E. 

The superheated steam, after doing the work in the H.P. 
cylinders, goes out by the exhaust pipe, traverses the valve B^, 
after that the pipe G^ lodged in the interior of the barrel to 
enable \tl to enter the compartment H. From there the steam 



Railways and the Board of Trade.— V.* 

{Continued from p. 146.) 
All such occurrences, except broken tyres and axles, have to be 
reported on Form A, broken tyres on Form B, and broken axles 
on Form C. Copies of these three forms are annexed. 

All accidents at level crossings to passengers, servants of the 
railway company and other persons, whether killed or injured, 
have to be reported with full detail on a special form, which for 
reference may be called Form D, and which is also annexed. 

All these returns, accidents to trains and servants, and 
mishaps to road and stock, pass through the hands of the 
Assistant Secretary of the Railway Department and the Chief 
Inspecting Officer, who determine whether enquiries shall be 
held, or what further information shall be asked for from the 
railway companies. 




FrMtt new 
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Y\g. 5. — Experimental Superheater on a Compound Locomotive. 



goes into the superheating tubes (the right set), and arrives by 
the pipes A' leading towards the L.P. cylinders. 

Second Case. — Superheat at the entrance of the L.P. Cylinder. 
— The valve B is placed by the driver in a position that diverts the 
direction of the steam, directly from the regulator into the pipe L ; 
from there it goes to the H.P. cylinders after having passed 
through the valve B^ and the delivery pipes E. On leaving the 
H.P. cylinders the steam traverses the pipes Fy the valve /?\ and 
enters into the collector D. From the front it passes back 
through the left set of superheater tubes and arrives at the com- 
partment C From this it passes through the valve B into the 
compartment H, and traverses through the right group of super- 
heater tubes, whence it goes into the collector y, and from there 
by the delivery pipes A' into the L.P. 

A locomotive of type 19^/x, showing this pattern of super- 
heater, is exhibited in the Liege Exhibition. Trials are going to 
be continued with a second identically similar engine, to determine 
which is the more advantageous mode of working to adopt for the 
new superheater. 

It is manifest that if the superheat is required at the entrance 
of the L.P. cylinders only, it will be possible to dispense with a 
certain number of parts of the superheater and by that means 
remedy the obstruction in the spoke-box. 



As regards accidents to passenger trains, it may be taken that 
an enquiry is held in all cases where passengers are injured, or 
where there is revealed a breach of regulations, due to want of 
care on a servant's part or a lack of supervision on the part of 
officials. 

Where the facts are quite clear and no good purpose can be 
served by an enquiry the case is dealt with by correspondence, 
or it is left to the inspecting officer to make some enquiries when 
next he is on the line concerned. 

That only a percentage of the mishaps are enquired into will 
be seen by the following figures taken from the annual report for 



1903 :— 
Year 



1933- 
235 



1897 1898 1899 1900 1901 1902 
Number of Accidents Reported — 

188 168 291 299 276 223 

Number of Enquiries Held — 

48 58 66 64 44 37 31 
Should an enquiry be ordered the company are not as a rule 

advised by the Board of Trade, and the first intimation they 



♦ Nos. L, IL, in., and IV. appeared in the /i^ai/way Et^iwer for JsaiUMry 
February, March and May respectively. 
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generally receive is the advice from the inspecting officer as to 
when he is coming. 

On arrival, the officer generally goes on to the ground and 
inspects the scene and sees what view train-men get of the line 
ahead and of the signals in case of a collision, and the sute of the 
permanent way in case of a derailment. 

He will then take the evidence of the witnesses. They appear 
before him in a recognised order, e.g,^ in the case of a collision 
due to irregular block- working as follows : — The driver, fireman, 
guard (or guards) of the first train, then the driver, fireman, guard 
(or guards) of the second train, and then the signalmen con- 
cerned ; the idea being that the men inculpated shall appear last. 
Each man commences his evidence by giving his full name, 
occupation, length of service and how long in his then position. 
He then states at what hour he came on duty on the day of the 
accident, at what hour he would have ordinarily left duty, and at 
what hour he left duty the previous day. 

Departmental enquiries are always held by the companies 
themselves into accidents, and it will often assist the Government 
inspector if a copy of the evidence taken at that enquiry is given 
him. If this is done the evidence of each man should be on a 
separate sheet of foolscap, and commenced as outlined above. 

Board of Trade enquiries are generally held in private as the 
men concerned are more open and free in giving evidence. 
Should, however, an application be made by the Press for admis- 
sion or by the legal or some other representative of a man con- 
cerned, the inspecting officer generally leaves the decision to the 
men most interested. 

A plan of the site of the accident showing the position of the 
signals, the gradient and the point of collision or derailment is re- 
quired. In case of a derailment, the positions in which the 
derailed vehicles came to rest is shown, and also any point in the 
permanent way where there were any marks that are referred to 
in the evidence. 

A list of the damage done to engines, carriages, wagons and 
permanent way is also handed in. 

Some weeks after the accident and the enquiry the officer's 
report is issued. It commences by relating what happened, the 
composition of the trains concerned, and if a passenger train what 
the brake power was. Particulars are then given of the number 
of passengers and servants killed and injured, and of the damage 
to stock and road, unless this be given in an appendix. 

Then follows what is styled *' the description," which specifies 
the locality, the direction of the line, the names of the signal 
boxes, the position of the signals, the distance they are apart, and 
their relation to the point of collision. 

Any rules having reference to the operations under review are 
then quoted. 

Then follows the evidence and afterwards " the conclusion,*' 
in which the events and the evidence are summarised ; the leading 
points are surveyed, and any weak or contradictory statements are 
examined and weighed. Finally the opinion of the inspecting 
officer as to the cause of the accident is given, accompanied by 
recommendations as to what precautions should be taken, what 
alterations (if any) of working or signalling or other equipment is 
required to prevent a recurrence of the accident. Long hours 
worked, or any lack of supervision, is commented upon. 

A certain number of copies of the report are sent to the com- 
pany or companies concerned, also to the Press. 

Subsequently the reports find their way to the public in '* blue- 
book " form after *' being ])resented to Parliament." These blue- 
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books are generally issued three times a year, the first cor the 
three months ending March 31st, the second for the three months 
<»nding June 3otb, and the third for the six months ending 
l>jcember 31st. 

When an accident leads to criminal proceedings, as in the 
collision at Sutton Coldfield on April i2ih, 1903, and at St. 
Enoch's station, Glasgow, on July 27th, 1904, the inspecting 
officer's report is kept back, and not made public until the 
criminal proceedings are concluded. In the case of the Sutton 
Coldfield accident the report was not published uniil quite six 
months after the accident. 

In addition to the blue-books just named an annual genera! 
report is issued which, inter a/ia^ summarises all the accidents 
of the year — the apparent cause and the inspecting officer's con- 
clusions. 

[To be Continued.) 



Official Reports on Recent Accidents. 

.Xt-ar Cudworth Station, M.R., o/t the igth January, 
^fajorJ. W, Pringlc reports that : — 

The 2.25 a.m. up mail (Leeds to Sheffield) was overtaken 
and run into by the 3.5 a.m. up express (Leeds to St. Pan- 
eras); 5 passeng^ers and 2 servants and 12 passenj^^ers and 5 
servants were injured. A fish truck (of the mail) was knocked 
foul of the down main line and was run into by the midnij^ht 
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The down express consisted of 4-ooupled engine, tender, 
and 9 vehicles. 

.VII the engfines and tenders were fitted w ith steam brakes, 
worked in combination with the vacuum automatic brake, 
which was fitted to all the wheels of all the trains and which 
was in j^ood order. 

Of the mail train the engine and tender alone escaped 
derailment; three of the coaches beings knocked to pieces. 
Both eng^ines and the first nine vehicles of the up express 
were derailed. The leadings eng-ine and tender and three 
coaches were overturned and broken up. Fire broke out 
shortly afterwards amongfst the derailed coaches, and all but 
the last three were burnt. 

A sketch plan of the section of railway between Royston 
and Darfield is annexed. 

The leading eng^ine of the up express travelled about 300 
yards after the collision before it was overturned. 

On account of the short intervals between the sigfnal- 
boxes from Cudworth North Junction to Cudworth Station 
South inclusive, the up fast line distant sig^nals for these 
block posts are controlled from box to box, so that it is physic- 
ally impossible for any of the sig^nalmen to lower their distant 
sigfnals unless all those south have been previously lowered. 
Further the sig^nalman in Carlton Main sigfnal-box has printed 
instructions not to lower his up fast distant signal unless he 
sees from the indicator, provided in his box for the purpose, 
that the corresponding sig^nal for Cudworth North Junction 
has been lowered. 

There is no conflict of evidence on any material point. 
The collision took place in a fog-, which came on about 1.15 
a.m., gradually acquired great density, and was at its worst 
from 3 a.m. onwards. 

The clllision was due to the entry of the up express into 
the block section (Cudworth Station South- Storr's Mill 
posts) already occupi<*d by the up mail train. 

.As regfards block working, the only (ieneral Rule which 
does not appear to have been obs(»r\ed is Rule 4 (e) of the 
reg-ulations for train sig^nalling by block teleg^raph (see p. 
17). Under this rule sigfnalman Taylor should not have 
accepted the up express from Cudworth Station North, until 
he had r<K'eived intimation from Storr's Mill that the mail 
train had passed out of the up line section. This particular 
rule, however, is not included by the M. R. Co. in the Reg-ula- 
tions for Block Working as printed and issued to their 
employes. 

The up express passed, all — H -the up fast line distant 
(or warnings) signals, between Carlton Main and Cudworth 
Station South, at danger. The following: stop sig^nals — Cud- 
worth South Junction — up home and directing — Cudworth 
Station South — up home, directing: and starting: — were at 
dang:er. 

the leading: eng:ine of the express, was 
» states that the train approached Carl- 
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down express from St. Pancras, but little further damage 
resulted. 

The mail train consisted of a 4-coupled engine, ()-w heeled 
tender, (vwheeled brake van, two 4-wheeled fish trucks, 8- 
wheeled compo, ()-wheeled 3rd, two 4-wheeled fish trucks, 
o-vvheeled brake van, and H-wheeled brake van. 

The up express had two 4-coupled eng:ines (the train 
eng-ine had an 8-wheeled bogie tender), and nine S-wheeled, 
one 12-vvheeled, and two 6-wheeled vehicles. 



ton .Main post in a fog so dense that, although he kept a g^ood 
look out, he was unable to see any of his proper sig:nals bi*- 
tween Royston .Station and the scene of the collision. He 
stood as usual on the right-hand side, with his head outside 
the weather board, whilst his fireman (Pattison) was on the 
left. .All but two of the signals concerned are on the propir 
Irft of the road, and in thick weather can be more easily seen 
from the left-hand side of the foot-plate. It was Mugg's 
practice, with a capable assistant, such as_j^at^i^)n,_to rely 

Digitized by 



212 



The Railway Eng^ineen 



July, 1905^ 



upon his fireman to see signals which he himself was unable 
to see from the right of the foot-plate. He affirms that he 
knew perfectly well his position on the line, and that, on pass- 
ing the place where the distant signal for Carlton was situated, 
he received a hand signal from Pattison intimating that he 
had seen the signal light, and that it was at safety. Coupled 
with the fact that no detonators were exploded, he assumed 
that Pattison was right. He knew that with this signal at 
safety the road would normally be clear through Cudworth 
Station, and consequently did not reduce speed by applying 
his brakes. He did not see the distant signal for Storr*s Mill 
on passing it, nor did he see the mail train in front of him 
until after the collision. He estimates his speed at 50 miles 
an hour. He had no brake power applied when the collision 
took place. Mugg's fireman Pattison was killed by the 
tender falling on him. 

The responsibility for viewing signals rests mainly on the 
driver. Neither is it in accordance with general practice, 
even in fine weather, for a driver to rely upon his fireman in 
this particular, although the latter may be a capable man and 
know the road. In foggy weather, the responsibility for 
looking out for fogmen, and for observing signals, is by Rule 
144 placed upon the driver. This rule lays down that, when 
the fog is so dense that the fixed signals cannot be seen by 
the engine driver, on approaching or passing them, he must, 
unless he see the fog-signalman's green hand signal, assume 
that the fixed signal is at danger. Rules 143 and 144 more- 
over lay down that speed must be reduced, and that engine 
drivers must travel cautiously, and use every possible pre- 
caution, when signals are not visible so soon as usual. 

Buggins, who drove the second engine, saw two only of 
the signals. One of these was the directing signal for Cud- 
worth North Junction, and the other the distant signal for 
Storr*s Mill. Both these signals were at safety. He attri- 
butes his not having seen the remainder of the signals, 
although he kept a good look out for them from the left hand 
side of the engine, to the dense fog, and to the steam from 
both the engines beating down past him. He saw no reason 
to interfere with the working of the train, which was in chief 
control of Mugg, as he assumed that the latter, who was in 
a better position on the leading engine, could see the signals. 
He was aware that no fogmen were at their posts. Both 
men knew the road well. 

The responsibility for the collision mainly rests upon driver 
Mugg, and, in a very much less degree, to driver Buggins for 
not recognising that, in the absence of fogmen, so higfh a 
speed was not justifiable in a dense fog, and for consequently 
failing to take upon himself the responsibility of reducing the 
3peed. Mugg and Buggins had been on duty for about 5 
Qnd i^ hours respectively. 

Only the distant signals for Carlton Main and Storr's 
Mill of the up line signals shown on the sketch are actual 
fog-signalmen's posts. 

Between the hours of 6 a.m. and 8 p.m. fogmen have to 
report themselves for duty as soon as a fog occurs. Between 
8 p.m. and 6 a.m., when not aware, from their own observa- 
tion, of the existence of fog, the men are called up, when 
required, by a man appointed for this particular duty. On 
the night in question the usual procedure was adopted. Signal- 
man Gambles of Storr's Mill telephoned to Cudworth station 
at 1. 15 a.m. that fogmen were required. Station-foreman 
Jerram accordingly sent porter Atyeo to instruct call-man 
Hills to order out all the fogmen. The latter was found to 
be ill, and Atyeo had to return to the station for further in- 
structions. He was then told to call ganger Moore and did 
so at 1.45 a.m. Moore appears to have left his house at 
2 a.m. and to have instructed Kettlewell at 2.20 a.m. to call 
three of the men required, as he himself did not know their 
addresses. An hour therefore elapsed before the arrange- 
ments for calling up the men can be considered to have been 
properly put into action. Even then further time was lost 
owing to Kettlewell not knowing the number of the house in 
which Blackburn resided. 

Blackburn was the responsible fogman for the all-impor- 
•^ant up distant signal for Carlton Main. He was called at 



2.35 a.m., and reported himself at the signai-box at 3.8 a.m. 
Having first to dress and then to walk a distance of i J miles 
in a thick fog over frozen snow, he cannot be blamed for 
delay in reporting himself. He provided himself at the 
signal-box with detonators, flags, lamp, etc., and eventually 
arrived at his post about 3.32 a.m., just as the up express 
passed at full speed. Had it not been for the slippery surface 
of the permanent way there can be no doubt that even with 
the hour's delay at the commencement he would have reached 
his post in time to fog the signal before the express passed. 

Platelayer Woolstone, who was employed to fog the 
Storr's Mill up distant signal, arrived at that signal-box at 
3.40 a.m. after the collision had taken place. He had to call 
five other men before proceeding to his own work. The mail 
and express trains passed him, as he was walking along the 
railway line, from the direction of Cudworth, when there was 
probably an interval of about half-a-mile between the two. 
If he had been supplied with detonators there can be no doubt 
he could have checked the up express by fixing one to the 
rail when he heard the train approaching so close behind the 
mail. 

Hills was at work at 5 p.m., and did not subsequently 
report himself sick. It was his duty, if at all possible, in 
view of his position as call-man for fog-men, to have immedi- 
ately reported his illness to the station-master at Cudworth. 

The Co.*s arrangements for fog-signalling, and for call- 
ing fog-men, cannot be described as complete and satisfactory* 
There may be cases when the gain of a few minutes in getting 
fog-men into position will avert serious and fatal results. 
Some railway companies have built, or own, cottages on 
their own land in which platelayers who act as fog-men are 
housed. This is the ideal arrangement, where manual fog- 
signalling obtains. It is easy, in such cases, to arrange for 
direct communication from a signal-box to cottages so situ- 
ated, even when located at some little distance, by utilising 
the railway telegraph wires. Where such facilities do not 
exist, or cannot be provided, it should be possible to elaborate 
a system by means of which no valuable time shall be wasted 
in warning fog-men that their services are required. The 
men employed to fog distant signals arc first required on the 
ground, and for safety of traffic are by far the most impor- 
tant. 

Dealing with this concrete case, Blackburn and Wool- 
stone are the two men whose services, in case of fog at night, 
are most urgently needed. If these men cannot be located 
in railway quarters the Co. should ensure, by renting if 
necessary, that they occupy houses in close proximity to the 
scene of their duties. Again, where no other means can be 
provided for calling fog-men, two men at least should be 
appointed to call them out, so that, in case of illness, which 
should be immediately reported, a second man may always 
be available, who is well acquainted with the position of the 
various houses occupied by the fog-men. It should, further, 
be no part of the duty of a regular fog-man, such as Wool- 
stone, to call other men, before proceeding direct to his own 
post. The provision of detonators has also to be considered. 
Fog-men generally obtain their supply either from a signal- 
box or a station, and are in the first case unable to comply 
with the instructions contained in the last paragraph of Rule 
80 (a). The duplex detonator now in common use is not a 
safe thing to leave about, and is more costly than the old 
type, but it should be possible, with due regard to safety, 
to arrange to store detonators, at all events for men who fog 
distant signals, at some point on the railway which the men 
have to pass on their way to report themselves for duty. 
This collision might, it appears, have been minimised, if not 
altogether averted, if Woolstone had been able to supply him- 
self with detonators before reaching Storr's Mill signal-box. 

With manual fog-signalling, therefore, at all events at 
busy block posts, this collision points to the necessity of 
providing signalmen with some means whereby they can pro- 
tect the line, in the immediate vicinity of their post, in case 
of sudden fog, or delay in the arrival of fog-men. Some rail- 
way companies have provided their signalmen with a simple 
arranerement of four cross arms, each carrving a detonatetf-, ^^ 
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which can be worked from the sig^nal-box. There are other 
more elaborate machines, which can be operated from some 
little distance. Machines of this type have been supplied at 
many fc^-men's posts, and they can easily be adapted for use 
from a signal-box. 

Turning now to other methods of fog-signalling which 
have been invented to do away with the necessity for employ- 
ing fog-men at signals, these methods possess the great 
advantage of being available for use at all times. But two 
points have to be established before the adoption of any 
system of purely automatic, or purely mechanical, fog-signall- 
ing can be advocated in preference to the manual system now 
chiefly in use on English railways. Firstly, it must provide 
both a positive as well as a negative indication — in other 
words, it must duplicate the safety as well as the danger 
position of signals. Secondly, it must be absolutely reliable 
under all conditions, otherwise it will be worse than no 
system at all. 

Some of these inventions show promise of meeting these 
requirements, but have not been submitted to long enough 
practical trial to prove their reliability. Others require 
further elaboration to provide the dual indication. It is not 
clear that the possibility of replacing the manual system of 
fog-signalling by one or other of the more promising of these 
inventions has received sufficient consideration at the hands 
of railway companies generally. 

In the meantime this case proves that it is necessary to 
supplement and improve the existing manual system in the 
following particulars : — 

(a) Signalmen, at all events at important centres of traffic, 
should be provided with some mechanical device 
whereby they can comply with Rule 85, so far as 
concerns the position of stop signals in proximity 
to their box. 
{b) Men selected to fog the more important signals should 
be required to live as near as possible to the scene of 
their duties, if they cannot be provided with quarters 
within railway limits. 

(c) Where possible, electric communication should be 

arranged for between the signal-box or station and 
fog-signalmen *s quarters. 

(d) The arrangements for calling out fogmen by night, 

where this system has to be adopted, call for revision 
and elaboration, so that there shall be no possible 
delay. 

(e) The supply of detonators to fogmen for the more 

important signals calls for consideration, so that it 
may be possible for them to comply with Rule 80 
(a). 
The Company omit Clause (e), of Rule No. 4 of the 
General Regulations for train signalling by block telegraph, 
because they consider obstruction to traffic constituting a 
most serious difficulty would result on many parts of the 
system. Whilst it is quite clear that in this particular in- 
stance the observance of this clause would not have prevented 
this collision, in times of fog the observance of the rule in 
question does constitute an additional safeguard for the work- 
ing of traffic. Where, therefore, it is not found possible to 
work the traffic in accordance with this clause of the General 
Regulations, it is the more necessary that the arrangements 
for fog-signalling shall be thoroughly complete and reliable. 

It was not possible to find out how the carriages of the up 
express caught fire after the collision. It appears to have 
originated in either the fifth or the sixth vehicle behind the 
engines. I am informed that both these coaches were lighted 
bv electricity, and that the only gas reservoir was a small 
one on the sleeping car, which is utilised for heating water 
for the use of passengers. The fire did not break out immedi- 
ately, but first appeared five minutes or more after the coaches 
had come to rest. Whether it was due to fire thrown out of 
the engine fire-boxes, or to fusing of electric circuits, or to 
gas, there is no evidence to prove. 



At Eastbourne Station, L.B. & S.C.R., on the 15th 
January. Lt.CoL P. G, von Donop, R,E,, reports that :— 

The 8.5 p.m. up passenger train from Hastings, consist- 
ing of an engine, tender and 12 vehicles, ran into the buffer 
stops at Eastbourne Station. 

Six passengers and two guards were slightly injured. 
The two leading vehicles of the rain were considerably 
damaged. 

The engine and train were fitted with the Westinghouse 
automatic brake, working on to the coupled wheels, tender 
wheels, and 60 out of 78 of the carriage wheels. The brakes 
were in good order nd acted properly. 

The night appears to have been a very cold one, but clear, 
there being no fog; there was a red light on the buffer stops 
at the time of the collision. 

This accident was entirely due to the mistake made by 
driver Barber in not stopping his train at the proper spot. 

All witnesses agree that Barber was in a dazed condition 
after the collision, but there is very strong evidence to the 
effect that he was at the time suffering from the effects of 
drink. Policeman Poate, who was on duty at the station 
and who spoke to Barber immediately after the collision, is 
distinctly of opinion that Barber was the worse for drink, 
and that he was not in a fit state to take charge of a loco- 
motive. Mr. Wilkes, locomotive foreman at Eastbourne, 
saw Barber five minutes after the collision, and is of opinion 
that his dazed condition was due to drink. Dr. Habgood, 
of Eastbourne, who was called to the station after the acci- 
dent in order to attend to the injured passengers, states that 
he examined Barber, spoke to him, and made him walk across 
the station hall; he at once formed the opinion that Barber's 
condition was due to drink. Dr. Habgood admits that at 
that time he did not know that Barber had previously met 
with an accident; this knowledge caused him to subsequently 
modify his opinion, and the conclusion he then formed was 
that Barber's dazed condition was partly due to his accident 
and partly to drink, but he emphatically states his opinion 
that his condition was undoubtedly partly due to the latter 
cause. 

Driver Barber, on the other hand, attributed his dazed 
condition to the state of his health due to the effects of the 
accident which he had previously met with, and stated that he 
had only had four ^pints of beer between 1.30 p.m. and the 
time of the accident. 

Whether the general state of Barber's health can be held 
partially or at all resp^onsible for his mistake on the 13th 
January may, perhaps, be open to doubt, but the evidence of 
policeman Poate, Mr. Wilkes and Dr. Habgood is conclusive 
that Barber was at the time suffering from the effects of drink. 
It is quite possible, however, as stated by both Dr. Habgood 
and Dr. Elide, that his Battersea accident may have rendered 
him more susceptible to the effects of drink than he had pre- 
viously been, and that his condition on this occasion may 
have been brought about by the intense cold of the night 
acting on him after he had taken a comparatively small amount 
of drink, which under normal conditions would not have had 
any deleterious effects. 

The hours of duty for which driver Barber and his fireman 
were detailed on the day of the collision cannot be regarded 
as entirely satisfactory. 

These men came on duty at their headquarters in London 
at 8.25 a.m., and they booked off duty at St. Leonards at 
1.30 p.m.; they then came on duty again at 5.30 p.m., and 
they would finally have booked off in London at about i a.m. 
They would thus have been away from their headquarters for 
16^ hours, during which time they would have been at work 
on their engine for i2\ hours, and for four hours they would 
have been off duty at St. Leonards. This tour of duty is, it 
should be stated, only a Sunday one, and it would not fall to 
any one pair of men oftener than once in four weeks; the Co. 
further state that arrangements are made that men working 
it have 14 hours off duty both before and after it. Tb^ Co. 's 
Digitized by V^OOQIC 



214 



The Railway Engineer. 



July, 1905. 



difficulties in working the morning- and evening- trains on a 
Sunday between London and Hasting-s without incurrinj^ 
these longf hours are fully recogfnised, but the Company should 
consider carefully whether any steps cannot be taken to 
obviate the necessity for them. 



Ai Easter Road Station, N.B.R., on the 5th March. 
Major /. VV. Pringie reports that : — 

A lig:ht 6-coupled eng-ine and tender travelling- eastward 
througfh the station on the up main line collided dirin^tly with 
the engine of the 8.20 p.m. gfoods train ex Aberdeen, as the 
latter was entering- the station from the east on the down 
branch line. 

Roth the drivers and firemen were injured. 

The lig^ht eng^ine was fitted with the steam brake on the 
eng-ine wheels and the hand brake on the tender wheels. It 
was moving- tender first. 

1 he g-oods train consisted of 31 loaded four-wheeled wag^- 
gfons, and was drawn by a similar type of engfine and tender, 
running- chimney in front. The eng^ine was equipped with the 
West ingf house brake working^ blocks on all engine and tender 
wheels. 

This collision was primarily caused by a sig^nal remaining: 
at *' clear " after the operating- lever had been replaced to 
** dangler/' and that this was caused by the twisting^ of a 
pulley bracket. 

No blame attaches to driver Brand of the .Aberdeen g-oods 
train. As regards driver Tait, of the lig^ht engine, it is diffi- 
cult to understand why, if his speed when he reached the up 
platform starting signals was (as he states) as low as fi\e 
miles an hour, he was unable, on a steep rising gradient, i in 
136, to bring his engine to a stand soon enough to avoid an 
actual collision. 

Signalman Buchanan is actually responsible for the colli- 
sion on two counts. Firstly, it was his duty to assure him- 
self that No. 24 signal obeyed the movement of his lever, and 
he neglected to make use of the indicator attached to the lever 
frame for this very purpose. Secondly, he broke the rules 
for block working by setting the points and lowering the 
signals for the light engine to cross the path of the goods 
train before the latter, for which he had given ** clear,*' had 
come to a standstill at the home signal. He had been on 
duty 7^ hours. 

It is not clear what twisted the pulley bracket. It had, 
however, the appearance of having been more than onc<' 
struck by some moving object. The bracket is carried on an 
iron driven into the platform wall under the coping, which 
has an overhang at the spot of about ^\c inches only. The 
driving iron and pulleys project about four inches beyond the 
face of the platform wall, and the minimum clearance between 
them and the nearest rail is about 24^ to 25ins. Elsewhere 
along the platform wall a clearance of about 27iins. exists, 
and it is evident that the curve of the rails and platform wall 
do not coincide. 

There is a clearance of about 24ins. between the maximum 
running dimension (a leading engine step) of the Company's 
stock, and the pulley in question, so that it does not appear 
as if the blow which twisted the bracket could have been given 
by any fixed part of a vehicle moving on the rails. It may 
possibly have been given by some swinging object, such as 
the chain of a waggon brake pin. In any case, it is evident 
that at the spot in question further clearance is required, and 
the Company should take such action as is necessary to pro- 
vide, if possible, for a clearance of 27ins. between the rail 
and the brackets. 



JKear Stapleton Road, G.W.R., on the 23rd December, 
Lt.'Col. H. A, Vorke, RE., reports that.—^ 

The 3.45 p.m. passenger train (Crewe to Bristol) ran into 
the rear of the 11 a.m. goods train from Fontypool Road. 
One passenger complained of injury, and a small amount of 
damage was done to the rolling stock. 

The passenger train consisted of a 4-coupled engine and 
8 coaches, fitted throughout with the automatic vacuum 
brake, which was in good order. The goods train consisled 
of a 6-coupled eng-ine, tender, and 39 wagons and a brake 
van. 

The collision parted the goods train; the engine and 33 
wagons went forward to Lawrence Hill, the driver being Vt 
first unaware that a collision had occurred; the 34th wagon 
stopped opposite the signal-box at Stapleton Road; while the 
other six vehicles remained at the scene of the collision, 
having been driven forward about two wagon lengths. No 
couplings or draw hooks were broken. 

This collision is to be attributed to a blunder made by 
signalman James Miller, of Stapleton Road, who allowed iwl* 
trains to be in the section between Ashley Hill and Stapleton 
Road at the same time, thereby breaking the principle rule 
of block working. The mistake seems to have arisen in the 
first instance in dealing with a light engine which had been 
assisting a down train up the incline (i in 75) into Filton 
Station and afterwards had to return to Stapleton Ro2id. 
This light engine is booked as having left Filton at 9.21 p.m., 
and after having been accepted by Stapleton Road appears 
to have passed .Ashley Hill at 9.22. The signalman at Staple- 
ton Road seems to have forgotten this engine, and not to 
have lowered his up home signal for it. The driver therefore 
pulled up the engine at this signal, and blew his whistle, 
after which the signal was lowered for him to draw down to 
the junction signals, where the engine remained for about 
12 minutes. While it was standing there a goods train from 
Pontypool Road for Kxeter arrived at Ashley Hill, and was 
accepted by Stapleton Road at 9.38, the signalman at the 
latter place having apparently forgotten that the light engine 
was standing at the junction signals. When he lowered the 
junction signal for the goods train, the driver of the light 
engine, thinking that the signal had been lowered for him, 
went forward into Stapleton Road Station. When he got 
there, the signalman expressed surprise at seeing a light 
engine arrive instead of, as he expected, a gotnls train. He 
then placed his up signals at danger behind the light engine, 
and having apparently confused the light engine with the 
goods train, he seems to have been unaware that there was 
a goods train approaching from iVshley Hill. Subsequent 
to this, a passenger train was offered by the signalman at 
Ashley Hill to the man at Stapleton Road, and was accepted 
by the latter at 9.55. The goods train was at this time stand- 
ing at the up home signal of Stapleton Road Station, and 
when the signalman lowered this signal for the passenger 
train, the driver of the goods train, thinking the signal was 
lowered for him, drew forward towards Stapleton Road 
Station. He had barely got his train into motion when it 
was overtaken by the passenger train, with the result that the 
engine of the latter collided with the brake van of the goods 
train in the manner already described. 

No blame attache> to the signalman at Ashley Hill or to 
the drivers. The driver of the passenger train passed through 
.Vshley Hill at a moderate rate of .speed, and seeing the distant 
signals for Stapleton Road at danger still further reduced his 
speed so as to be able to pull up at the home signals. After 
passing Ashley Hill his fireman saw the tail lights of the van 
of the goods train, and called out to the driver to stop. Tlie 
latter at once applied his brake and reversed his engine, but 
was unable to stop in sufficient time to avoid a collision. He 
succeeded, howe\er, tn reducing his speed to about four miles 
an hour, and the effects of the collision were not serious. 
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It is announced that Mr. Evelyn Cecil, M,P., has been 
appointed to be a member of the Permanent Committee of the 
International Railway Congress in succession to Earl Cawdor. 
The functions of this body, which meets at Brussels, are rather 
more obscure than those of the " delegates " to the periodic con- 
gresses. We are not aware that it has ever done anything useful 
or that any attention is, at any rate in this country, paid to its 
deliberations or decisions, and but for the fact that it controls the 
contributions its existence would be of little interest to the 
railways of this country. These contributions, or kilometric 
levies, which are, quite illegally we believe, paid into the coffers of 
the Congress by British railway companies, tend to deplete the 
attenuated profits of the ordinary shareholder, who, so far as we 
have been able to discover, receives no adequate return for the 
outlay of his money. 

Mr. Evelyn Cecil's appointment is one ol some interest, 
because he was one of the " delegates " to the late Congress at 
Washington, who was able to endure the deadly dreariness of the 
proceedings which may be euphemistically described as discussing 
" reports," and arriving at ** conclusions " which no one takes at 
all seriously. 

Mr. Evelyn Cecil took an early opportunity of telling the 
world, through the medium of the hospitable columns of the 
Standard^ about his American experiences. He discovered at St. 
Louis an " interesting and novel machine called the telautograph," 
being used for transmitting signalmen's messages. 

Until we read Mr. Cecil's article we were at a loss to under- 
stand why directors and secretaries were sent as delegates to the 



Congress. He evidently took pains to see for himself what others 
had seen before him. 

Mr. W. Temple Franks, assistant librarian of the House of 
Commons, has been appointed secretary of the Railway Com- 
panies' Association, in succession to Mr. W. Guy Granet, who 
ha3 been appointed assistant general manager of the Midland R. 

The Rt. Hon. Lord Wenlock has been elected a director, 
and Mr. Henry Tenant, director and formerly general manager 
of the company, has been elected a deputy chairman of the North 
Eastern R. 

Mr. F. W. Fison, M.P., and Mr. T. L Birkin, directors 
of ihe Great Northern R. ; Mr. J. Clifton Robinson, director of 
the Metropolitan District R. and engineer of the London United 
Tramways; and Dr. A. B. W. Kennedy, consulting electrical 
engineer to the Great Western R., all had the honour of knight- 
hood conferred upon them in commemoration of His Majesty's 
birthday. 

Viscount Churchill, G.C.V.O., and Sir Henry B. 
Robertson, of Pale, Corwen, have been elected directors of 
the Great Weaern R. 

Mr. L. C. Probyn has been elected deputy chairman of the 
Great Northern R. 

Mr. E. Hancock, London and North Western R., Crewe, has 
been appointed chief storekeeper of the Ceylon Government R. 

Mr. Hy. Bell has been elected chairman of the Central 
Uruguay R., and also of the Northern, the Eastern, and the 
Western Extensions, in succession to Mr. Hy. Gibson Ander- 
son, who has retired from the boards of all the companies. 

Indian Railways ; Useless Ton-Mile Statistics. 
The opening sentences of the report (issued by the newly- 
appointed Railway Board) upon the working of railways in India 
during last year are refreshing, but neither complimentary nor 
comforting to the advocates of ton-mile and passenger unit 
statistics. 

**The Railway Board, in issuing the report for 1904, have 
" considerably reduced it in size by omitting statistics (Appendices 
"4, 6, 12 to 16, 19 to 21, 36 and 37) that appeared of no prac- 
" tical use." 

It would be interesting to know the total amount of money 
that has been spent in past years in the collection, compilation 
and production of these " of-no-practical-use " statistics. 

Electrification of the Metropolitan and Met. District 

Railways. 
The electric working of these railways was commenced on the 
ist ultimo, but the discovery of the fact that the slippers and the 
conducting rails of the two companies did not work together 
properly was carefully preserved until the public service was 
commenced, with the result that the Circle trains were at once 
withdrawn and the steam trains reappeared. A heavy thunder- 
storm, which flooded the District line at Earl's Court and caused 
some trouble, formed a convenient "scape-goat," and satisfied 
the public. The electric trains re-appeared the next day, and 
worked between Ealing and Whitechapel on the District line and 
between South Kensington and Aldgaie on the Metropolitan ; 
but at the time of writing the Circle was still worked by steam. 
The slippers spark very prettily in the tunnels, but no doubt this 
will cease soon. 
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Accidents in the United Kingdom in 1904 shows that the chance 
of a railway passenger being killed in a train accident was less 
than I in 200,000,000. The number of coliisions and derail- 
ments was one for 1,829,327 train miles. 

The personal casualties show a geieril reduction ; 6 
passengers and 7 servants were killed and 53 f passengers and 
114 servants were injured by accidents to trains, permanent way, 
&c. ; by accidents from other causes, 109 passengers and 409 
servants were killed, and 2,135 passengers and 3,807 servants 
were injured. The total personal casualties, including suicides, 
trespassers, &c., were 1,073 killed ani 6,889 injured. 

Without making any comparisons, it may be interesting to 
state that, according to the accident bulletins issued by the 
Interstate Commerce Commission, there occurred in the latter 
half of hst year 3,199 collisions and 2,511 derailments on the 
United States railways, and which caused damage to rolling 
stock and permanent way assessed at 4,845,154 dols. During 
the same period the total personal casualties were 1,983 killed 
and 27,234 injured, of which 281 passengers and 372 servants 
were killed and 3,584 passengers and 3,461 servants were injured 
by accidents to trains. 

L. and North-Western Railway Picture Postcards. 
We have on previous occasions drawn attention to the large and 
varied assortment of picture postcards which have been issued by 
the L. and North-Western R. Co. with the object of making the 
public more familiar with the beauties of the country served by 
their system and the magnificent rolling stocks, steamboats, per- 
manent way and signalling arrangements by which the service is 
worked. Altogether 33 sets of six each are on sale, and since 
the carbon-type series were issued last August more than 
2 J millions of the cards have been sold. Five new sets have just 
been issued and should be secured by all collectors, as they con- 
sist of views (reproduced in colours) of beautiful places in 
Ireland, Scotland, North Wales and the English Lakes and the 
North-Western steamers. Another new postcard which is sure to 
be popular is an excellent picture of Mr. Whale's latest type of 
engine, ** Experiment," for working the Scotch express trains over 
the Shap. 

The company have also issued a new ** folder" time-table 
with strikingly coloured covers, and showing inside the times and 
particulars of all their express and through services in a most 
distinct and novel manner. 

Incandescent Gas Lighting for Railway Carriages. 
On the 6th ultimo, at the invitation of Pintsch's Patent Lighting 
Co., Ltd., we travelled to Brighton and back for the purpose of 
inspecting a Pullman car, which, by the permission of Mr. W. 
Forbes, general manager of the London, Brighton and South 
Coast R., has been fitted with the latest development of 
incandescent mantles in combination with compressed oil gas. 
The lighting of the car was most brilliant and satisfactory in 
every way. 

The incandescent burner as fitted to the Pullman car lamps 
is constructed to take the place of the old burner and reflector, 
being, in fact, an adaptor for converting the existing lamps. 
The gas fittings require no alteration, with the exception of an 
adjustable attachment to the regulator. 

The mantles used give an illuminating intensity of 80 candles 
at a distance of 6ft. from the centre of the mantle, with a con- 
sumption of only I '3 cubic ft. of gas per hour. This will be the 



more appreciated when it is understood that the original flat flame 
burners, of which four were used in each lamp, consutned 
3'S cubic ft. of gas per hour and gave a light of only 28 candles. 
These improved burners also have the great advantage of taking 
mantles giving from 25 to 80 candle power as desired, by a simple 
adjustment of the gas and air supply. 

The mantles, which are specially made for railway carriage 
lighting of a much tougher material than formerly, stand the strain 
well for about two months, an J are commonly run for as long as 
four months without being destroyed. They also have the 
advantage of slightly increasing in illuminating intensity after 
having been in use a short time. 

An American Opinion of English Railways. 
SoM£ time back a number of American railway men subscribed 
a considerable parse which was presented to Mr. G, M, Bashford, 
editor of the American Engineer aid Railroad Journai^ with the 
request that he would make an extended tour among the railway 
systems on this side of the Atlantic ani tell his readers all about 
the good things he might see. The result has been a number of 
most interesting letters from Mr. Bash ford's pen have been pub- 
lished, and after inspecting the British, French and German rail- 
ways he drew some comparisons. This is what he said about 
our railway services. 

^* In England competition has had a very important eflect, and 
" the English railways serve the convenience.of the people better 
" than those of any other country which I visited. There are 
" trains for all kinds of people ; workmen travel to and from their 
" homes to the large cities for almost nothing, and the best 
" accommodations are available for those who can pay for them. 
" English train service is exceedingly good, and the eticiency of 
"the English railway 'servant' is a source of wonder. The 
" amount of work done by a few poorly paid employees is remark* 
** able. The competition has led to the perfection of locomotive 
" design for conditions which are, however, rapidly changing as the 
" weights of trains increase." 

Microscopic Examination of Metals. 
Messrs. R. and J. Beck, Ltd., 68, Cornhill, London, have just 
issued a catalogue of all the appliances and instruments for the 
preparation and examination of metals by means of the micro- 
scope. This catalogue will be sent free on application, and will 
doubtless be useful to metallurgists who have difficulty in obtaining 
supplies for this branch of their work. 

* 
Excursions to Liege. 

In connection with the Exhibition at Liege, at which there is the 
finest collection of French and Belgian rolling stock that has been 
on view since the last Paris Exhibition, the South- Eastern and 
Chatham K. are issuing some very cheap ist, 2nd, and 3rd class 
excursion, tickets available for 7 days, via either Calais or 
Ostend. .^-^^__^^.._^^__ 

Books, Papers and Pamphlets. 

Modern Engines and Power Gemrators, A practical work on prime movers 
and the transmission of power— steam, electric, water and hot air. By 
Rankin Kennedy, C.E. Vol. V. London : The Caxton Publishing 
Co., 84-86, Chancery Lane, W.C. 
Unlike several other encyclopoedic technical works that might 

be mentioned this one is maintaining its excellent standard, and 

we find Vol. V. equally as deserving of the high opinion we ha?« 

previously expressed of the earlier volumes. 

Volume V. deals with marine engines and ttirbines for ships 

and boats, and with locomotives — steam, petrol and electric. 
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The examples described and illustrated are good and typical. 
The chapter on locomotives might, perhaps, with advantage, have 
been more complete, but this, from our point of view, we do not 
consider as a great fault because it is in directions other than 
locomotive engineering that this great work will be of value to 
the railway mechanical engineer as a most useful reference 
book. 

Books Received. 

Raiiways and other Rates, With an appendix on the British canal problem. 
By Edwin A. Pratt. London: John Murray, Albemarle Street. 
*90S- [361 pp. Sins. X 54ini., price 5/. net.] 



Walters' Ballast Packing Scoop. 

A NEW tool for placing ballast under sleepers has been introduced 
by Walters and Okell, Fort Madison, la., and the method for 
using it is plainly illustrated. The tool consists of a pan or 
trough, into which fits a looped iron called the c leaner, which 
holds the ballast in place while the pan is being withdrawn, after 
which the cleaner is lifted out, leaving the ballast under the 
sleeper. Extensive trncks ballasted with common dirt, cinders or 
sand, are, says the Railway Revitiv (Chicago), surfaced by raising 
them above the intended level and throwing loose ballast into the 




50-Ton Electric Locomotive ; Metropolitan Railway. 



The Commercial Matrngement of Engitteeriit/^ Works. By Francis G. 
BiJkTON, A.S.A.A. 2nd Ediii in revised and greatly enlarged. The 
Scientific Publishing Co., Manchester. [432 pp. S^ins. x Stins., price 
I2J. 6</. net.] 

PractUal Alteniaiing Currents and Altemcuwg Cm rent Testing. By Chas. 
F. Smith, Assoc. M. Inst. C.E., A.M.I. E.E. ; \\h. Sc. Manchester : 
The Scientific Publishing Co. [437 pp., S^ins. x sJins., price 6j« net.] 

Effect of Temperature on Imulating Material. Report issued by the 
Engineering Standards Committee, Leslie S. Robertson, M. Inst. C.E., 
secretary. London : Crosby, Lockwood and Son, 7, Stationers* Hall 
Court, E.C. December, 1904. [Price $s. net.] 

American Trade Index ^ '903- National Association of Manufacturers. 170, 
Broadway, New York City, U.S.A. 



Electric Locomotives: Metropolitan Railway. 

In our last issue we published an outside view and short de- 
scription of the electric locomotives which have been con- 
tructed by the British Westinghouse Co. and the Metropolitan 
Amalgamated Railway Carriage and Wagon Co. for the 
Metropolitan R., and we are now able by the courtesy of Mr. 
C. Jones, electrical engineer to the Met. R., to give the annexed 
diagram showing the general arrangement of the machinery 
ot these locomotives, which are capable of hauling a goods 
train of 250 to 300 tons weight. 

They have two pairs of motors rated at 250 h.p. each and 
are fitted with the Westinghouse pneumatic control and also 
with both the Westinghouse and the Vacuum Brake Co.*s 
brakes so that they can be coupled to trains fitted with either 
brake. 

The weight of these electric locomotives is 50 tons each. 



ojenings under the ends of the sleepers. The material is then 
compacted by the weight of the trains. The reason for such 
practice is that soft ballast of the kinds named cannot be com- 
pacted with a tamping bar or shovel, and the use of such tools 
breaks up the old bed, making the support for the sleeper in- 



'mm//*^m^m¥(y//^/44 .,., ^ ,,,^.,. ... 

secure. For this reason permanent way men prefer not to inter- 
fere with the old bed of the sleeper, but to get new material on top 
of it. Unless the track be raised pretty high, however, it is diffi- 
cult to throw ballast far enough under the sleeper to afford desir- 
able support. The tool here described will put the ballast as far 
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as the middle of the sleeper. The tool is said to be in use on 
upwards of 20 railways, and stone and gravel ballast of small 
size, as well as the kinds above named, are readily handled by it. 



The Use of the Indicator on Locomotives. 

A GREAT deal is written nowadays upon the subject of loco- 
motive performance, but very little information of any value 
from a technical point of view is available to show what the 
cost per unit of power amounts to, in operating locomotives 
under modern conditions or, cost apart, what the ratio of work 
to fuel and steam consumption reaUy is. 

The mere statement that such and such a locomotive has 
covered so many miles whilst hauling: a given load, at an aver- 
age speed in miles per hour, contains nothing of interest from 
a scientific standpoint, although it serves to demonstrate that 
the locomotive is capable of overcoming the physical diffi- 
culties encountered in the course of performing the task 
allotted to it. A study of the coal sheets showing the average 
rate of fuel consumption per mile run, whilst engaged on this 
particular work, might possibly have a sobering effect upon 
those who pen the glowing accounts of locomotive perform- 
ance to which we refer, — if access to such information were 
to be had, — but in any case knowledge of the facts would cer- 
tainly go far towards discounting the value attributed by some 
to such writings, which after all are based almost entirely 
upon superficial considerations. At the same time it must of 
course be remembered that even with the best intentions in 
the world it is impossible for anyone to publish inaccessible 
data, and it is to be regretted that more opi>ortunitics are not 
forthcoming for the publication of reliable detailed informa- 
tion bearing upon the working of locomotives from the point 
of view of steam and coal consumption and such like considera- 
tions. 

It may be considered doubtful whether a true appreciation 
of the value and importance of such knowledge exists even in 
locomotive engineering circles judging by the spasmodic use 
which is made of the indicator in this country for determining 
locomotive performance, yet it is certain that the scientific 
designing of such engines must largely depend upon intimate 
acquaintance with the principles of steam distribution and be, 
to no slight extent, consequent upon the evidence of the indi- 
cator diagram. We may assume that the locomotives of a 
company operating only 200 miles of railway will use 1,200 
tons of coal per day, which, at ten shillings per ton, represents 
an annual expenditure of £i7S>ooo, If the application of 
the indicator resulted in preventing a waste of only 5% of 
fuel, the saving to such a company would be ;^8,750 per year. 

In the accompanying photographic reproductions we illus- 
trate a new type of Indicator specially designed for use on 
locomotives and other high speed engines. This instrument 
has recently been placed upon the market by Messrs. Dobbie, 
Mclnncs, Limited, of 45, Bothwell Street, Glasgow, and is 
known by them as the ** Cipollina Mclnnes-Dobbic *' con- 
tinuous double diagram Indicator. By its use pressure dia- 
grams may be taken simultaneously and automatically from 
both ends of the engine cylinder, together with time and revo- 
lution diagrams; thus all the elements required for an abso- 
lutely correct indication of the engine are obtained during the 
same stroke, and as these diagrams are automatically re- 
peated at exact intervals, any variations in the running con- 
ditions are shown by comparison, and a true average 
obtained. The apparatus automatically records by means of 
diagrams the true average pressure in the cylinder during 



particular revolutions, and as the speed and time are also 
graphically registered ail error due to carelessness on the part 
of the operator, such as may occur when the ordinary single 
diagram indicator is being used, is eliminated. For this Indi- 
cator it is claimed that as all the elements necessary to the 
calculation are registered simultaneously the true power of 
the engine is thus obtainable. 

The apparatus consists of two indicator cylinders with pis- 
tons and parallel motions of the ** Mclnnes-Dobbie *' patent 
type, the pressure springs being exterior to the steam cylinder 
and rendering the indicator particularly accurate at high pres- 
sures. The cylinder caps, coupling nuts, and other parts are 
sheathed with a special vulcanite prtJJmration to prevent burn- 
ing of the fingers. Pressure springs are fitted exactly as in an 
ordinary indicator. 

Both pencil arms point towards the same paper cylinder, 
this latter containing a roll of metallic paper carried from the 
spindle A between the rollers B, round the exterior of the 
cylinder and re-entered to the spindle C. One of the indicator 
cylinders is attached to the top of the engine cylinder and the 
other to the bottom. The cocks can either be placed between 
the indicator and the piping, or at the end of the piping against 
the engine cylinder. 

The cord lead D, adjustable to any angle, is next attached 
to a suitable part of the engine. Assuming now the engine to 
be in motion, when the cocks are opened and the drum cord 
connected to the engine, the pencil arms rise and fall and the 
drum recipnxrates at each stroke. But this indicator is not 
intended to take diagrams at every revolution. At every stroke 
of the drum, by means of internal mechanism, the spindle E 
is lifted upwards, imparting motion to the cam F, which pro- 
pels the ratchet wheel G one tooth forward for every revolu- 
tion. Attached to the wheel G there is a cam wheel H having 
a plain surface with projecting points on it. Both wheels 
turn round together, the pawl I resting on H, and when a pro- 
jection comes under it the pawl I is of course raised. This 
pawl in turn, by means of the connecting bracket K, carries 
the two pencil points L against the metallic paper, and as the 
paper drum is reciprocating and the pencil arms rising and 
falling at each stroke, at this moment of contact one pencil 
gives a diagram from the top end of the cylinder and the other 
a diagram from the bottom end, both being taken simul- 
taneously and on the same length of paper. Until this 
moment of contact the metallic paper has been reciprocating 
with the drum, but immediately the diagrams are taken the 
pencil points are released and the same mechanism now causes 
the length of paper occupied by the diagrams just taken to be 
drawn forward into the drum round the spindle C, leaving a 
fresh portion of the same paper, drawn from the spindle .A, 
ready for the next set of diagrams. This goes on automati- 
cally until the paper is exhausted. 

It is the cam H that determines the diagram intervals. 
The one on the illustration has two projections, causing dia- 
grams to be taken at every 50 revolutions, but each indicator 
is supplied in addition with interval wheels to give diagrams at 
every 25 and 100 revolutions. On the indicator shown, with 
the engine running at 100 revolutions, double diagrams would 
be taken automatically at every half-minute. 

In the revolution and time recording gear, the wheel G, 
as shown on figs, i and 2, is connected by means of a spindle 
to a second paper drum M, over which n strip of metallic paper 
is led from the spindle L' under the guide pulley \'. At each 
turn of the large paper cylinder the pawl \ (fig. 1) receives aj 
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kick forward, turning the wheel O round one tooth, this in 
turn propelling the lever with pencil point P forward. This 
pointer therefore records every turn of the drum, equal to 
every revolution of the engine, and is designed to miss at every 
tenth stroke, as shown on the diagram, thereby enabling the 
revolutions to be read in multiples of ten as well as indi- 
vidually. 

To register the time occupied during the test electrical 
contact should be made to the two connections R (fig. i), the 
other end of the wire being attached to a clock suitably 
arranged so that current can pass through at any period de- 



Fig. I. 



When so required the indicator can be used without this 
revolution and time indicator. 

The roll of paper on which the power diagrams are traced 
can then be arranged in conjunction with the strip showing 
revolutions and time, thus giving a clear indication, and show- 
ing in a manner that cannot be contested two essential ele- 
ments required for an accurate engine trial. Those elements 
are the moment at which the diagrams were taken in connec- 
tion with the number of revolutions, and the number of revo- 
lutions that the engine was making at the moment when the 
observation was taken. 

Messrs. Dobbie, Mclnnes, Limited, inform us that they 
also manufacture, among other instruments, a single type 
Indicator for locomotive use, in two patterns, one with exter- 
nal and the other with enclosed pressure springs. With this 
type the diagrams must of course be taken at different times 
for each end of the cylinder and cannot be obtained simul- 
taneously as with the ** Cipollina ** Indicator. 



The Improved Andrew Ventilator. 

This ventilator is designed t:> fit on to the sides of clerestory 
roofs of railway carriages. It is of the exhaust type ; operates on 
the ejector principle, and automatically reverses itself in accord- 
ance with the direction in which the train is moving. It is fixed 
in connection with the sash openmgs ; the screen is removed and 
a frame, provided with glass, except for the 6 in. square screened 
opening for the ventilator connection is substituted. The venti- 
lator, say$ the Railway Revieiv (Chicago), is stoim proof against 
transverse storms; rain, snow, smoke and cinders striking it 
longitudinally are carried through the ventilator bejond the 
opening connecting with the car. The reversal of the ventilators 
when the direction of the motion of the cir is changed takes 
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sired, every 30 seconds or every minute as may be necessary. 
The fitting of this electrical attachment is a very simple 
matter. If designed so that contact is made every 30 seconds, 
at this period the arm with pencil point S is drawn forward by 
the plate T, placed between the electrical coil and the pencil 
arm. Every forward mark therefore indicates 30 seconds o\ 
time, and it is a simple matter to compare the two sides of the 
paper strip, on one of which the time is displayed and on the 
other the revolutions, both being recorded simultaneously. 



place at as low a speed as four miles an hour. The cones move 
on friction rollers and are noiseless in their action. Tests show 
hat the average amount of air exhausted by each ventilator at 
varying speeds is 24 cu. ft. a minute, or 1,440 cu. ft. an hour, 
and at that rate four of these ventilat')rs applied to a large 
smoking compartment (say 6ft. wide and 8fr. long) will effect a 
complete renewal of the air in the room every five minutes 

The Safely Car Heating and Lighting Ca are the manufac- 
turers of this ventilator. 

Digitized by 



v^u. aic Liic iiiai 

Googl( 



aao The Railway Engineer. August, 1905. 



es 



Six-Coupled Passenger Engines : London and NoKh 
Western Railway. 

These engines — 4-6-0 type — were built at the Crewe Works 
to the designs of Mr. Geo. Whale, M.Inst. C.E., Chief 
Mechanical Engineer of the London and North Western R., 
especially for working the heavy express trains between 
Crewe and Carlisle, which section includes the heavy gradients 
over the Shap. The first engine of the class ran its trial 
trip from Crewe to Carlisle and back on 21st May last, with 
a train of empty coaches weighing (exclusive of engine and 
tender) 373 tons 9 cwt. 3 qrs. 

Our illustration is reproduced from a photograph for 
which we are indebted to the courtesy of Mr. Whale. 

The leading four-wheeled truck is fitted with a radial 
axle-box and side controlling springs. 

The cylinders are between the frames, and their valves 
are operated by Joy*s gear. 

The coupled wheels are 6ft. 3ins. diameter with 3ins. tyres, 
and the truck wheels are 3ft. gins, diameter. 

The working pressure is 175 lbs. per sq. inch. The heat- 
ing surface is 2,041 sq. ft., of which the tubes provide 
I 1,908 sq. ft. and the fire-box 133 sq. ft.; the grate area 

£ 25 sq. ft. 

E The tender has a water capacity of 3,000 gallons, and 

S carries 6 tons of coal. It is constructed entirely of steel. Its 

< wheels are 3ft. gins. diam. It is fitted with a water *' pick- 

5 up," the scoop being worked from the footplate by a hand 

'^ wheel and double-threaded screw. 

§ The following are some of the leadmg dimensions : — 

e Cylinders. — igins. diam.; stroke, 26ins.; distance apart, 

'g centre to centre, ift. loins. 

J Valves, — Maximum travel, 5ins. ; lead, y\ in. ; lap, iiV*"' 

Roller (Steel). — Length of barrel, 12ft. 7Sins.; largest 
I diameter outside, 5ft. 2ins.; least diameter outside, 4ft. 

So iijins. ; thickness of plates, ^in.; working pressure, I75lbs. 

W per sq. inch; height of centre line above rails, 8ft. 7ins. 

5 Firebox Casing (Steel). — Length outside casing, 8ft. 2ins. ; 

g width outside casing, 4ft. lin.; depth below centre line of 

I boiler, 4ft. 7^ins. ; thickness of plates, ^in.; stays (copper), 

^ centre to centre, 4ins. 

« Firebox ((\)pper). — Length at bottom (inside), 7ft, 5^ins. ; 

g* width at bottom (inside), 3ft. 4Jins.; thickness of plates, 

cj yV *"•» thickness of tube plate (copper), lin. 

.2 Tubes. — Xumber, 299; length between tube plates, 13ft.; 

^ diameter (outside), ijin.; diameter of blast pipe nozzle, sins.; 

Height of chimney from rail, 13ft. 4^ins. 

IV he els. --Diameter of truck wheels, 3ft. gins.; diameter 
of coupled wheels, 6ft. 3ins. ; thickness of tyres on tread, 
3ins. 

Wheelbase. — Distance between centre of truck and centre 
of driving wheels, 10ft.; centres of truck wheels, 6ft. 3ins.; 
centre of driving to centre of intermediate wheels, 6ft. gjins. ; 
centre of intermediate to centre of trailing wheels, 6ft. gjins. ; 
total wheel base of engine, 26ft. 8Jins.; tender wheel base, 
13ft. 6ins. ; total wheel base of engine and tender, 48ft. 
4iins. 

Frames (Steel). — Distance between, 4ft. 2ins. ; thickness, 
lin. 

Weight of Engine in Working Order. — 
On truck wheels, 19 tons o cwt. 
On driving wheels, 18 tons 5 cwt. 
On intermediate wheels, 15 tons 5 cwt. 
On trailing wheels, 13 tons 5 cwt.; total, 65 tons I5cwt. 
Weight of Tender in Working Order. — 
On front wheels, 12 tons o cwt. 
On middle wheels, 12 tons 5 cwt. 

On trailing wheels, 12 tons 15 cwt.; total, 37 tons o cwt. 
Total weight of engine and tender in working order 
102 tons 15 cwts. Digitized by V^OOQ IC 



August, 1905. 



The Railway Enorineer. 



221 



Reinforced Concrete— IV. 
ROOFS. 

It was not until 1902 that reinforced concrete beg'an to be 
used for the coverings over subways made for railway pur- 
poses, and for cases of cut and cover work the facility with 
which the material could be used at once became apparent. 
Previously, long^ and heavy beams had to be lifted and laid 
down in situations where every available inch of space was 
with difficulty obtained for the work, cranes and derricks for 
handling the heavy beams were necessary in situations where 
it was extremely difficult to erect lifting apparatus of any kind. 
The use of reinforced concrete which could be made of small 
and light materials, easily handled without the use of combrous 
lifting tackle, at once saved trouble and expense, and the 
subways of the Boston, Philadelphia, Brooklyn, and New 
York districts were covered in with the new material. 
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The Rapid Transit RR. of New York at Battery Park is 
practically a rectangular double track cross section with 
reinforced concrete in the floor, walls and roof, but it is only 
with the roof that we are at present dealing. The span of 
the subway is 25^ ft., and there is no steel work in the walls 
or roof requiring painting or maintenance. There are two 
systems of horizontal rods in the thickness of the roof, those 
in the lower system being i^in. round rods, arranged in pairs 
every 5ft., and being attached at each end to the upper part 
of the vertical reinforcement of the side walls — between these 
pairs of i|in. rods are laid i|in. rods, spaced 4in. centres, 
but not attached to the side walls. The upper layer of rods 
are ijin. diameter, and are spaced at 7in. centres through- 
out (?i^, i). The thickness of concrete between the two 
systems of reinforcing rods is 2ft. 2ins., to which is to be 
added the additional thickness of concrete above the upper 
layer of rods and below the lower layer. Upon this is laid 
the water-proofing, which is protected by another thin layer 
of concrete. 

In part of the subway the roof slab is supported by a row 
of bulb angles in the centre, and in this case the lower system 
of reinforcing has a pair of Jin. round rods every 5ft. with 
lin. rods between spaced every 7jins. (fig. 2). The upper 



LF 




J'^ ll 



Fig. 2. 

system has lin. rods spaced 7ins., and another system of 
similar rods laid over the longitudinal row of columns, where 
some amount of tension may be anticipated due to the con- 
tinuity of the roofing over the central support. All hori- 
zontal joints in the concrete of the roof were avoided, and the 
work was invariably and carefully racked off" at the points 
where the work done at different times were joined together. 
The station on the East Boston tunnel, opposite the Old 
Court House, is roofed by arches, as shown in fig. 3, of two 
spans, a row of steel columns, 12ft. centres, dividing the two. 



Between the columns is laid the horizontal skewback for the 
arches reinforced with nine rods, each l\n, diameter, close 
to the lower edge, as shown in the figure. When the con- 
crete was laid for the walls it was taken forward beyond the 
inner faces of the walls and on each side of the row of columns 
to the lines x x , and the joints between the wall section and 
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Fig- 3. 



the arch proper were bonded by splice bars about 3ft. long, 
as indicated. The arches were reinforced by horizontal trans- 
verse rods, i2ins. centres and |in. dia. The lateral thrust of 
both the arches is resisted by 2in. square bar tie-rods placed 
2ft. 3in. centres, those in the large arch being horizontal 
and those in the small arch being inclined. Every fifth of 
these tie rods is enclosed in a rib of concrete about isins. 
thick, the other rods being left exposed. 

The one-storey machine shop of the Bilgrim building at 
Philadelphia has a saw tooth roof (fig. 4) built of reinforced 
concrete, and is supported on columns Sins, square, spaced 
at 14ft. 4ins. centres, between the walls. A i2in. by Sin. 
horizontal beam extends longitudinally and laterally at each 




column. Midway between the columns are horizontal and 
inclined beams identical with those at the columns, an arrange- 
ment that gives 7ft. 2ins. span for the 3ins. slab between the 
centres of the inclined beams. The skylights are simple 
galvanised iron frames let into the concrete. The longi- 
tudinal horizontal beam has two i|\ ins. rods at both top and 
bottom, whilst the transverse horizontal beams have two lin. 
rods laid in the same positions. Two i ,V in. rods are laid in 
each of the loins. by Sins, inclined beams, and the 3in. con- 
crete slab has Jin. rods spaced 6ins. apart throughout its 
width. 

The roof over the shops of the United Shoe Machinery 
Co., Beverly, Mass., is practically flat, as shown in ?[^. 5, 
The rows of columns supporting it between the walls are 20ft. 
centres, and between these are beams supi>orting the concrete 
slabs. A series of cross beams spaced 3ft. apart are made 
between these, and the whole structure is calculated to carry 
a live load of 75 lbs. per sq. ft. The roofing is water-proofed 
with several thicknesses of felt and tar covered with gravel. 
The expansion joint in this roof necessitated by the length of 
the buildings is an interesting detail of the construction (?[g, 
6). An open joint 2ins. in width is formed down the centre 
of the block through roof, walls and floors, and, except slid- 
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ingf plates, there is no connection across the joint. In the 
roof on each side of the open joint are transverse ridges rising 
above the roof level, over which are bohed galvanised iron 
bent plates bolted down into the concrete. The main beams 
between the columns and wall are 2ft. 3ins. in depth, includ- 
ing the slab, whilst the width of the beam is Sins. In the 
lower part of the beam are placed three ^\ in. bars and in the 
upper part two fin. bars, and these have U bars placed verti- 
cally along the length of the beam. The smaller cross beams 
between the main bars are 2jins. thick, and 
each have one reinforcing bar at the lower 
edge. The roof slabs are 2^ins. thick through- 
out, and are made without reinforcement. 




at frequent intervals along the length of the beam to resist 
the shearing stresses and to bind the material together. The 
top of the roof slab was coated with a four ply tar and gravel 
covering. 

The roof over the coagulating basin of the filtration plant 
at Marietta, Ohio (figs. 9 and 10), is an interesting example 
of reinforced concrete roofing. The roof slabs are 4ins. 
thick and are about 13ft. span; they are reinforced by |in, 
rods laid transversely. Sins, centres, and ^in. rods lains. 
centres in the longitudinal direction. The central portion of 
the roof rises vertically, as shown in fig. 9, and in this are 
formed windows to give light to the inside of the building* 
The side walls of this central portion are 6ins. thick, and are 
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Fig. 5. 
The Brooklyn Transit Co.'s sub-station at Parkville is 
constructed on the Bertin system, and has roof girders 24ins. 
by i2ins., 34ft. span, placed 14ft. centres (figs. 7 and 8), 
connected with a single central rib i2ins. by Sins., covered 
by a sin. slab. The whole of the reinforcement consists of 
round rods of steel, Atlas Portland cement for the concrete 
being used in the proportions for the roof of 1:2:5, w*^^ 
cinders screened and washed. The sin. roof slab spans 
1 6ft. Sins, in the lateral direction and 13ft. longitudinally, 
and is reinforced by fin. rods in both directions, spaced 
7iin. centres, overlapping over the beams and bedded fin. 
above the lower surface. The shape of the reinforcing rods 
in the beams was decided upon much in the same way as the 
length of the flange plates in an ordinary girder is arranged. 
A curve of bending moments was drawn in each case, and the 
maximum ordinate at the centre was divided into areas equal 
to the respective resisting moments of the rods, and at the 
end of the horizontal lines drawn in this way through the 
maximum ordinate the inclination of the rods was allowed to 
begin. At both ends of the beam the rods were made to go 
some distance past the support for the purpose of anchoring 
the beam against any possible negative bending moment at 
these points of bearing. Vertical ties of I'Jyin- wire are placed 
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Fig. 6. 

reinforced by Jin. rods placed 9ins. centres. Horizontal 
rods are also inserted in this wall so that it forms a girder to 
carry the raised roof between the main girders below. The 
roof slab in the centre is 3iins. thick, and is carried on cross 
beams as shown in the figure. The rods used in the reinforce- 
ment are of plain steel with a tensile strength of 38 to 42 tons 
per square inch, and the unit stresses were calculated on the 
basis of 16,000 lbs. safe for tension and 10,000 lbs. safe for 
shear. 

The Leonardt Warehouse in Los Angeles has perhaps the 
longest span roof girders ever yet constructed of reinforced 
concrete. Their span is no less than 100 ft., and the girders 
not only carry the roof itself but are also intended to support 
a gallery underneath them, and even tracks for travelling 
cranes. The girders of this long span are 6ft. 6ins* deep in 
the centre, and the top surface has an inclination of 3ft. to» 
wards each bearing, over which the depth of the girder is 
reduced to 3ft. The width of the girder is i4ins., and in this 
are arranged at the bottom ten steel rods i^ins diameter, two 
of which are straight and the others bent. The top of the 
girder is reinforced by three similar rods. The girders arc 
spaced at i6ft. 6ins. centres and carry ribs between them in 
the longitudinal direction 11 ins. deep and 6ins. in width. 
Each of these secondary beams has four |in. rods inserted in 
the concrete, and, upon the whole is laid the roofing slabs 
which are 4ins. thick, reinforced by fin. rods, spaced sin* 
centres in both directions, lateral and longitudinal. Over 
the slab an ordinary waterproofing composition was put dowTi. 
Wire glass skylights were used for the lighting of the interior 
of the building, and the composition of the concrete was one 
part cement, i\ parts sand, and 3 parts crushed granite for 
the lower part of the girders, and one, two, and four parts 
of the same materials for the other portions of the roof. 

The framed steel roof principals of the United States 
Express Co. in New York are covered with reinforced con* 
Crete roof slabs only 4ins. in thickness, but of loft 6ins, 
horizontal span and 24ft. 6ins. length of panei. Each panel 
is reinforced by woven steel wire fabric seven widths in each 
panel transversly to the walls, the fabric being made of No. 
10 longitudinal wires 4ins. apart and No. 9 cross wires 6tns« 
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apart. The concrete used was one part cement, two parts 
sand, and five parts cinders. Two stiffening ribs, each con- 
taining a steel rod, are formed intermediately in each panel 
running parallel to the roof principals. The wire used in 
the fabric had an ultimate tensile strength of 112,000 lbs. per 
sq. inch, with an elastic limit of 90,000 lbs. per sq. in. 

The dome of the U.S. Naval Academy at Annapolis is a 
notable instance of the use of reinforced concrete for roofing 
purposes. The dome itself is 70ft. in diameter, and rises to 
a height of 192ft. above the ground. A terra cotta lantern 



Fig. 9. 

weighing 120 tons is carried at the summit of the dome, and 
this is directly supported by a reinforced concrete pyramidal 
frame built inside the outer dome much in the same way as at 
St. PauPs Cathedral in London, where the heavy lantern is 
carried by its own special cone of brickwork. In the case 
in question there is also both inner and outer domes, the load 
being carried down to the foundations by special columns of 
reinforced concrete. The construction of the domes was 
carried out by means of outside moulds, which were fixed first, 
and by inside moulds slung from them, the material being 
filled in between the two sets of moulds in depths of about two 
feet at a time. 

The Kahn system of hollow tiles with spaces filled in with 
reinforced concrete was used in the roof over the American 
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Arithmometer Co. at Detroit, and a sketch of the saw tooth 
roof is given in figure 1 1 . The supporting columns are spaced 
at distances of i6ft. 9ins. and 20ft. loins., and light iron 
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Fig. 12. 
trusses are placed upon these. For the roof covering hollow 
tiles i2ins. wide by 4ins. thick are laid end to end on wood 

forms in straight rows, a space 
of 4ins. being left between each 
of the rows. In this space a layer 
of lin. of cement is laid for fire- 
proofing purposes, and upon this 
is placed the trussed Kahn bar 
with its diagonal prongs, fig. 12, 
pointing upwards towards the 
upper surface of the roof over the 
points of support. The space is 
then filled in by a wet mixture of 
cement concrete. The inside of 
the roofing slab is plastered with 
a coat of cement mortar and the 
outside is covered with Carey's 
standard magnesia roofing. It 
is claimed that this system 
of roofing .is very light 
and comparatively inexpensive, 
the construction is thoroughly sound proof, and the hollow 
tiles provide an inner surface free from condensation, an 
objection noticeable in many other forms of concrete con- 
struction. 

In the Bulletin of the International Railway Congress, 
February, 1905, several interesting particulars are given of 
roofs and ceilings erected in reinforced concrete on the 
Russian railways. The ceilings over the locomotive sheds at 
Novotchercask are formed of arches of loft. 6in. span, ift. 
ojin. rise, with a thickness of 3ins. at the crown and 4|ins. 
at the springing, the reinforcement consists of wires J|ins. 
and xV*^s. thick. It will be seen from these dimensions that 
reinforced concrete can be formed with a much longer span 
than if ordinary brick jack arches had been employed, and 
the cost without the supporting beams is given as 8Jd. per 
sq. ft., but with the beams is. 2d. per sq. ft. 

The ceilings of the locomotive shed at Kursk are formed 
with arches 7ft. span, 8|ins. rise, the thickness being ijins. 
at the crown and 2iins. at the springing. The arch is coated 
with ordinary plastering, and the cost, not including beams, 
was IS. I id. per sq. ft. Vaults for kerosine are constructed 
on the Moscow-Jaroslav- Archangel Railway with arches i6ft. 
iy*jins. span, and with a thickness of 2^\t\s, at the crown and 
4f\ins. at the springing. Over the arch is a layer of earth 
over ift. in thickness. Other arches are of loft. lo/^ins. 
span, 5ft. 3ins. rise, thickness of crown 2iins., at springing 
4^\ins., the armouring consisting of iron wire iV*"- thick, 
spaced at 4ins. distances parallel to the axis of the vault. At 
right angles to this is iron wire {\ ins. thick spaced at 3iins. 
apart. The concrete used was i Portland cement and 3 of 
coarse river sand, a finishing coat of cement i to i being also 
applied. Such vaults are covered with earth and turfed two 
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or three weeks after the arches are made, the centreing being 
removed a week later. 

The locomotive shed at Sary-Zazy on the Murjja line has 
a vault of 39ft. 1 1 ins. span, formed as a semi-circle, the thick- 
ness at the crown being 4iins. and at springing 6Jins. The 
reinforcement consists of rods |in. and |in. thick, bound to- 
gether at the intersections by ^^^r in. telegraph wire. The vault 
was completed in 60 hours, and 3 hours afterwards the 
extrados was covered with wet matting, which was kept wet 
for a fortnight by water pumped upon it. Two weeks later 
the centreing was removed. The concrete used was i part 
Portland cement and 3 parts sand and coarse gravel, and the 
vault was covered with cement mortar of i to 3 consistency, 
the cpst being 2s. i Jd. per sq. ft. area covered. 



65 ft. Composite Corridor Carriages; Caledonian 
Railway. 

The Caledonian R. Co. have lately built some new trains for 
their service between Glasgow and Edinburgh and Perth and 
Aberdeen. They are composed of corridor carriages 65ft. long 
over the bodies and 68ft. 6ins. over the buffers, and which were 
designed by Mr. J. F. Mcintosh, M.Inst. C.K., locomotive 
carriage and wagon superintendent of the Caledonian R., and 
to whose courtesy we are indebted for the drawings from 
which our illustrations have been made. The carriages were 
built at the company's works at St. Rollox, Glasgow. They 
are fitted with every convenience, including hot and cold water 
in the lavatories, and form the finest trains ever built for 
purely Scottish traffic. The carriages are connected by gang- 
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ways throughout. They are fitted for steam heating and 
electric light (Stone's system). 

The train is known as the ** Grampian ** express, and 
leaves Buchanan Street Station, Glasgow, at 10 a.m., and 
Prince's Street Station, Edinburgh, at 9.25 a.m., and returns 
from Aberdeen at 5.25 p.m. In a subsequent issue we shall 
publish further drawings of these fine carriages, accompanied 
by a detailed description of them. The weight of one of these 
composite corridor carriages is 37^ tons. 



Railways in India; Administration Report for 1904. 

The Railway Board in issuing the report for 1904 have con- 
siderably reduced it in size by omitting statistics (appendices 
4, 6, 12 to 16, 19 to 21, 36 and 37) that appeared of no 
practical use. 

..^ ^ 



One new table (.Appendix 39) of purely academic interest 
to the railway world has been added, showing the comparison 
of the division of working expenses on the principal railways 
for goods and passengers proportionately for receipts, ton- 
miles, and train-miles of each. 

During the year 1904, 621 miles of line were opened to 
traffic, bringing up the total mileage to 27,565 miles of the 
following gauges : — 14,733 o^ 5^^- ^^^- gT^^g^c; 11,562 of 3ft. 
3|in. gauge; 942 of 2ft. 6in. gauge; 328 of 2ft. gauge. 

There were 850 miles of line sanctioned during the year, 
viz. : — 306 of 5ft. bin. gauge; 212 of 3ft. 3|in. gauge; 251 of 
2ft. 6in. gauge; 81 of 2ft. gauge. 

Up to the latest date of returns (end of April, 1905) the 
total length of lines open was 27,904 miles, and under con- 
struction and sanctioned 3,055 miles. 

The capital outlay on open lines and lines partly open 
amounted at the close of the calendar year 1904 to Rs. 
35,28595 lakhs, and that on lines wholly under construction 
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to Rs. 261 '91 lakhs. In addition Rs. 8836 lakhs were in- 
curred on miscellaneous items connected with railways. The 
total outlay amounted to Rs. 35,63622 lakhs. 

In 1904, 130 engines, 337 coaches and 4,868 wagons were 
added to the rolling stock of the railways, and there are under 
supply 360 engines, 1,408 coaches and 4,376 wagons. Sub- 
sequent to the 31st December, 1904, the provision of 103 
engines, 165 coaches and 2,026 wagons has, in addition, 
been authorised. 270 engines, 669 coaches and 875 wagons 
were fitted with automatic brakes, bringing the number so 
fitted at the close of the year up to 2,630 engines, 10,401 
coaches and 2,883 wagons, as against 2,929 engines, 9,491 



coaches and 105,281 wagons not fitted; 656 vehicles were fitted 
with gas and electricity, bringing the total number so fitted 
at the close of the year up to 9,870 (of which 9,385 were fitted 
for gas) as compared with 7,622 not fitted; 151 stations were 
fitted with apparatus for interlocking points and signals. The 
progress in the introduction of automatic instruments for 
signalling trains between stations continues, 92 stations 
having been provided with these instruments. 

With an addition of 621 miles to the open mileage, the 
gross earnings of all Indian railways, during the calendar 
year 1904 compared with 1903, amounted in round figures 
to Rs. 3,964*97 lakhs against Rs. 3,600*82 lakhs, an increase 
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of Rs. 364*15 lakhs. Of the increase in the earningfs, Rs. 
i()6*4i lakhs were absorbed in additional workings expenses. 
The net eaminj^s amounted to Rs. 2,087*47 lakhs against 
Rs. 1,889-73 lakhs, or an increase of Rs. 197*74 lakhs. These 
net earnings yielded a return on the capital outlay on open 
lines and lines partly open (Rs. 35,28595 lakhs) of nearly 
6 |>er cent., which Is an improvement of about ^ per cent, over 
the return yielded in 1903. 

Of the increase of Rs. 364* 15 lakhs in the gross receipts, 
the North Western S.R. earned Rs. 129*98 lakhs or 36 per 
cent., the East Indian R, earned Rs. 6064 lakhs of 17 per 
cent,, and the remainder was contributed principally by the 
Bengal-Nagpur, Great Indian Peninsula, Madras, Burma, 
and Southern Mahratta Rs. 

The development of passenger traffic noticed in the last 
report, continued during the year under review, and a larger 
number of pilgrims, native marriage parties, visitors to fairs, 
etc., were carried by railway. The total number carried was 
227,100,000 against 210,230,000, and the earnings therefrom 
Rs. 1,17620 lakhs against Rs. 1,098*14 lakhs. The number 
of third class passengers carried was more by 15,360,000 and 
the earnings by Rs. 7332 lakhs. The other classes also 
showed satisfactory increases. Of the increase of Rs. 78*06 
lakhs in the passenger receipts, the Great Indian Peninsula R. 
earned Rs. i5"53 lakhs or 20 per cent., and the remainder 
was contributed principally by the Bengal-Nagpur, North 
Western State, Bombay, Baroda, and Central India, and 
Oudh and Rohilkhand S'. Rs. 

The average rate charged to passengers per mile was 2^ 
pies, just over i-5th of a penny, and the average distance 
travelled was about 40 miles. There have been no material 
fluctuations in these figures since 1884. 

The aggregate tonnage of goods lifted during the year 
1904 and the earnings therefrom were 52,050,000 tons and 
Rs. 2,518*81 lakhs respectively; an improvement over the 
previous year of 4,370,000 tons and Rs. 27689 lakhs. Of 
the increase in the goods receipts, the North Western S. R. 
earned Rs. 123*85 lakhs or 45 per cent., the East Indian R. 
earned Rs. 5660 lakhs or 20 per cent., and the remainder 
was contributed principally by the Bengal-Nagpur, Madras, 
Burma, Southern Mahratta, Oudh and Rohilkhand State and 
Rajputana-Malwa railways. 

The total weight of the traflSc in grain atid pulse, cotton 
(raw and manufactured), coal, oil-seeds, sugar, salt, and jute 
during the year 1904 amounted to 27,770,000 tons and the 
earnings therefrom to Rs. 1,689*81 lakhs against 24,920,000 
tons and Rs. 1,489*37 lakhs in the previous year. The traffic 
in these commodities amounted during the past two years to 
about 71 per cent, both in weight and in earnings of the total 
traflRc carried for the public. 

There was a large increase of 1,180,000 tons and Rs. 
123*77 lakhs in the wheat traffic included under grain and 
pulse, which is chiefly attributed to good crops and to an 
increase in the export demand. A brisk export trade in 
linseed and rape and mustard seeds increased the trafl[ic under 
oil-seeds by 165,000 tons and Rs. 16*62 lakhs. Under grain 
and pulse, rich in the husk also showed an increase of 225,000 
tons and Rs. 11*32 lakhs, consequent on a bumper harvest in 
Burma and a brisk movement of the commodity to Bombay. 
There was a falling off" in the outturn in the cotton producing 
districts of India in consequence of unseasonable rains, which 
resulted in a decrease of 11,000 tons and Rs. 18*83 lakhs in 
the traflic carried by railways. 

During 1904 the total output from the collieries in India 
and Burma amounted to 8,230,000 tons against 7,440,000 
tons in 1903. The exports of Indian coal to Indian ports, 
principally Calcutta to Bombay, Karachi and Madras, rose 
from 1,240,000 tons to 1,450,000 tons or by 210,000 tons, 
and those to ports outside India, including Burma, from 
723,870 tons to 896,880 tons, or by 173,010 tons, principally 
Calcutta to Rangoon and Ceylon. The imports of coal from 
the United Kingdom rose from 133,710 tons to 174,710 tons, 



or by 41,000 tons, and those from other countries from 30,430 
tons to 79,170 tons, or by 48,740 tons. This w^as probably 
due to the fall in value of coal in England and low freights. 

The total quantity of Indian coal consumed by railways 
during the year 1904 increased from 2,200,000 tons* to 
2,450,000 tons, or by 250,000 tons,^ while the amount of foreign 
coal consumed fell from 17,700 tons to 17,430 tons. 

The improvement in the traffic in coal carried by railways 
was due principally to the increase of 604,490 tons and Rs. 
2034 lakhs recorded by the East Indian railway, owing to 
larger despatches from colliery stations for foreign railways 
and for export. On the Bengal-Nagpur railway the quantity 
carried increased by 106,250 tons, but the earnings were less 
by Rs. I* 12 lakhs. The increase in weight is partly 
accounted for by heavy consumption on railways and by 
private factories and partly by greater demand in Calcutta 
for shipment, while the decrease in earnings occurred because 
the Bengal-Nagpur railway were not permitted to quote below 
Government minimum rates, and consequently the Rad- 
hanagar coal for export was carried over the East Indian rail- 
way route vid Asansol. 

The average rate for all descriptions of goods carried per 
ton per mile, viz., 5^ pies, or just under ^ penny, was the 
lowest recorded since 1884, in which year the rate was 7 J pies; 
while the average distance over which a ton of goods was 
carried, viz., 172 miles, was the highest. 

The additional mileage worked, the larger traflic handled 
and the increase in the train-mileage run, necessitated a corre- 
sponding increase in the working expenses, and although 
large sums were expended by the principal railways in renew- 
ing their permanent-way and rolling-stock, and in strengthen- 
ing bridges and repairing damages caused by floods, the rail- 
ways were worked during 1904 at a slightly lower percentage 
of gross earnings, viz., 47 J against 47^ per cent, in the pre- 
vious year. 

The financial result for the year 1904 was a net gain to the 
State of 263*22 lakhs of rupees, the largest yet obtained in 
any year, after meeting, in addition to the expenses of work- 
ing, all charges for interest on capital outlay by the State and 
on capital raised by companies, and also the annuity payments 
for railways purchased by the State, including both interest 
and the portion that represents redemption of capital. This 
is the fifth year in succession in which there has been a 
surplus. 

As the outcome of a proposal made by Mr. Thomas 
Robertson, C.V.O., in his report on the working of Indian 
railways, His Majesty's Secretary of .State for India sanctioned 
the formation of a Board, consisting of a chairman and two 
members — with the necessary clerical establishment — to whom 
is entrusted the general control and administration of the rail- 
ways in India, hitherto exercised by the Government of India 
in the Railway Branch of the Public Works Department. 
Mr. F. R. Upcott, C.S.I., has been appointed chairman, and 
the two members are Mr. W. H. Wood and Mr. T. R. 
Wynne, CLE., with Mr. Neville Priestley secretary. These 
gentlemen assumed office in March, 1905. 

There was an increase of 12 in the total number of persons 
killed from all descriptions of accidents during 1904 as com- 
pared with the previous year, but a decrease of 52 in the 
number injured. 

The total number of persons of all classes killed by causes 
beyond their control was 40 against 77, and the number 
injured 201 against 218. Out of a total of 227* 10 millions 
against 21023 millions of passengers travelling, and of 
9,00685 millions of miles against 8,389*91 millions of miles 
travelled, 11 passengers were killed and 83 injured against 
50 killed and 116 injured. This gives an average of one 
fatal casualty in 2065 millions against one in 4*20 millions of 
persons travelling; and an average of one in 818*80 millions 
against one in 16780 millions of miles travelled in 1904 and 
1903 respectively. 

The total number in railway employ at the close of the 
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year was 421,866, of which 6,293 were Europeans, 8,765 
Eurasians and 406,808 natives. Of the Europeans and 
Eurasians 12,808 were enrolled as v^olunteers. 

The police force employed for the maintenance of law and 
order on railways and for the protection of railway property 
is provided by the Civil Department, the State bearing, except 
in the case of State lines worked by the State and the old 
Guaranteed railways, three-tenths, and the railways paying 
seven-tenths of the expense incurred. 



Enlarging and Remodelling of Victoria Station 

London, Brighton and South Coast Railway. 

By Chas. S. Lake. 

The conversion of the London, Brighton and South Coast 



Company's main line between London and Brighton from its 
former condition, in which double-line sections predominated, and 
joint worl<ing with another company over one of the most impor- 
tant lengths was involved into an almost entirely independently 
controlled four-line road, equipped throughout on the most 
modern principles, is proceeding as rapidly as possible, for 
works of such a difficult character, without disturbing unduly the 
traffic. Commensurate with the progress of this extensive under- 
taking a work of equal importance is being pushed forward by 
the Company in the reconstruction and enlargement of their 
West End terminus at Victoria. 

The two projects are being developed conjointly, under the 
supervision of Mr. Chas. L. Morgan, M.Inst. C.E , engineer-in- 
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Fig. I — Plan of Existing Terminus at Victoria. 
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Fig. 2.— Plan showing Victoria Station as it will be whgn completed. 
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chief of the London, Brighton and South Coast R., to 
whose courtesy the writer is indebted for permission to view the 
works at Victoria, and to whom thanks are also due for the 
photographs and drawings from which the accompanying illus- 
trations have been prepared. 

The completion of the two schemes — />., the main line 
widening and the rebuilding of Victoria Station, will have the 
effect of providing not only one of the finest and most up-to- 
date terminal stations in the Metropolis, but also with a vastly 
improved railway second to none as regards equipment and 
permanent way. These improvements, coupled with the fact 
that more powerful locomotives are at present building for the 
Brighton service, will materially assist in still further increasing 
the popularity and accessibility of Irighton itself, and v^ill also 
enable a scheme in connection with long distance suburban 
traffic to be developed, and which, it is confidently believed, can 
be made to show specially remunerative results when the 
improved facilities have become available. 



The work of remodelling Victoria Station involves not only 
the addition of new platform and other accommodation on a large 
scale, but also the entire reconstruction of the existing terminus, 
comprising the practical demolition of the latter (including the 
roof) and a complete re-arrangement of the platforms, lines, offices, 
&c. The completion of the works will effect the removal of the 
present inconvenient arrangement of lines by which all trains 
entering or leaving the station have to pass through a " bottle 
neck," comprised of only one up and one down road with a siding 
in addition, and the substitution of a straight through four-line 
(two up and two down) system, giving access to any part of the 
enlarged station as a whole. In the new (or South) station, as it 
will be called, there are three roads between the platforms, the 
centre one being provided for the purpose of transferring empty 
stock and similar uses. These middle roads communicate with 
the platform tracks in the existing (or North) station, so that it 
will be possible to run trains either in or out of the latter during 
the time that others are loading or unloading at the platforms in 
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the South portion. In like manner, trains having arrived at and 
unloaded at these platforms, may be drawn ahead clear of the 
Junction, thus making room for other incoming trains, the empty 
coaches then passing out along the middle road. Thus a great 
deal of delay and inconvenience will be avoided and the station 
work generally expedited. 

The inadequacy of Victoria Station to accommodace the traffic 
is well known, but as the new terminus which Mr. Morgan has 
designed comes into use this will pass away, and the travelling 
public will have every reason to be quite satisfied. 

Although it is correct to describe the station as consisting of 



the Southern portion. Fig. i is a plan of the old station as it 
existed before the alterations commenced, and Fig 2 is a plan of 
the new station ; from the latter it will be seen that the station is 
crossed at two points in its length by two over-bridges leading on 
the Western side, out on to the Buckingham Palace Road. 
These are respectively known at Eccleston and Elizabeth Bridges, 
and the former marks the end of the North and the commence- 
ment of the South portions of the terminus. Both of these bridges 
have been entirely reconstructed and the continuous, or cantilever 
principle has been employed in connection with them. The 
girders are encased in concrete, as a protection against the dele- 



Fig. 3-— Bay on Western Side of Station looking North, October, 1904 



two portions it must be understood that the terminus is to be 
regarded as a whole and as one for all practical purposes, no 
division of a physical nature existing to disturb the direct con- 
tinuity of the platforms and tracks (with certain reservations on 
the western side) from one end of the building to the other, 
whilst a broad carriage way extends from the extreme southern 
end to a point near the Grosvenor Hotel at the north end, where 
an outlet is provided giving access to the Buckingham Palace 
Road, to which feature further reference is made subsequently in 
this article. 

Some idea of the magnitude of the scheme of reconstruction 
may be gathered from the statement that whereas the old station 
was 230 ft. wide and 800 ft. long, the new one will be 320 ft. 
wide and have platforms 1,500 ft. in length. There will be 9 
platforms in all, with 10 roads in the Northern and 14 roads in 



terious effects of the smoke from the locomotives. In order to pro- 
vide sufficient head room over the lines on the Western side of the 
station, the level of the bridges referred to had to be raised by 
some 6 feet, but by employing specially designed girders, seen in 
fig. 4, the height above rails of the main portion of the bridge 
fioor was kept as shallow as possible, thus avoiding too steep 
approaches from the adjoining roadways. This part of the work 
necessitated raising part of the Buckingham Palace Road and also 
certain streets adjoining it ; the gradient of the main road now 
being i in 40 and of the other streets involved 1 in 30. The 
boundary wall of the Company's property abuts on the Bucking- 
ham Palace Road throughout the length of the station on ihc 
Western side, except of course where the bridges intervene, and x 
wholesale demolition of property, extending from the south of the 
Grosvenor Hotel to Ebury Bridge, was necessary. The property 



Digitized by 



Google 



i3t 



& 



o 



CO 



o 

I 



Digitized by 



Google 



i^i^ The Railway Engineer. August, 1905* 

destroyed consisted of buildings of 
an unimportant type, with the excep- 
tion of the old-established Pimlico 
Wheel Works. In carrying out this 
portion of the undertaking the Com- 
pany have introduced several mate- 
rial improvements in widening and 
straightening the Buckingham Palace 
Road, whilst the erection of a hand- 
somely designed wall, fig. 7, 30 feet 
in height, and largely constituted of 
Portland stone, in place of the 
irregular range of buildings, will still 
further improve this portion of the 
thoroughfare. 

The old station, fig. i, had only 
one way by which cabs and private 
vehicles could enter and leave it. 
This consisted of a somewhat narrow 
passage way connecting the arrival 
yard with the interior of the build- 
ing, and as it was obligatory on all 
^ vehicles coming in from the road or 
ov passing out thereto from the station 
^ to use this, great congestion, causing 
^ at times considerable inconvenience 
•^ and annoyance, naturally ensued. 
In the new station this will be 

2 entirely done away with by the pro- 
£ vision of the new carriage way and 
o outlet already referred to, whilst the 
^ passage which originally did duty 
^ for vehicular traffic going in both 
> directions, viz., in and out of the 
g station, will be exclusively reserved 
g for incoming vehicles only. The 
9 yard or forecourt outside will be 
^n widened by about 50 feet by taking 
si in the space at present occupied by 
booking offices and waiting rooms. 

Cabs, carriages, &c., entering the 
South Station will do so from Eliza- 
beth Bridge by means of an inclined 
way from the bridge to the level of 
the platforms. They will proceed 
along the carriage way between the 
main line platforms as shown on fig. 
2. This roadway leads to an outlet 
giving access to the Buckingham 
Palace Road at a point near the 
South end of the Grosvenor Hotel, 
an imposing archway having been 
erected to cover the exit, with a 
large parcels office and van circulat- 
ing space adjoining. 

The hotel itself has been ex- 
tended across the station, thus form- 
ing a wing or annexe of considerable 
proportions, measuring 290 ft. by 
70ft. Under this, on the space now 
occupied by bookstalls, the new 

booking offices wilL be^^reele^TiO 
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About 1,200 wooden piles, 14 ins. square, have been used for the 
foundations of the new wing, which will be carried upon steel 
stanchions and girders. The piles have been driven to a depth 
of 40 ft below platform level, at which depth London blue clay is 
reached. 

Passengers leaving by train will enter ihe station at the North 
end as at present, and here, in addition to the new bojking and 
other offices which are to be erected, a large parcels office and 
cloak room will be established, in conntction with which under- 
ground subways for luggage are provided. These subways are 
fitted with lifts at every platform. All luggage arriving at the 
North Station booking hall will be labelled according to its 
destination and then lowered into the subway to be conveyed 



the full width of the station and giving direct access to Eccleston 
Bridge, or by walking through into the North Station the cab 
outlet into Buckingham Palace Road, previously referred to, be- 
comes available for the use of passengers leaving the station on 
foot. 

The plan and other illustrations are sufficiently clear to be 
self explanatory as to the general scheme of the station and its 
approaches, and to show the progress of this extensive undertaking 
at various stages. 

The engine turn-table has been removed from its original 
position at the South end of the old station to a point clear of the 
extension works. The space around here was previously taken 
up by a portion of the Grosvenor Canal, which at one time ran 



Fig. 6. — Visw showing point at which Eccleston Bridge divides North from South Stations. 



direct to the platform from which its particular train is to 
start, where it will be raised by lifts and transferred to the 
luggage vans. This] system has been installed with the com- 
mendable object of keeping the circulating area before the book- 
stalls and entrance to the platforms free from accumulations of 
baggage such as are usually to be observed at nearly all large 
terminal stations, both in London and elsewhere, and which tend 
to create very great inconvenience to passengers and others using 
the premises. A similar subway system is provided at the South 
Station, so that passengers arriving by main line trains and wish- 
ing to depart by suburban trains will be enabled to get their 
luggage transferred from one platform to another without ex- 
periencing the usual amount of inconvenience and delay. 

Each of the platforms in the South Station is provided with 
a staircase communicating with a covered way extending across 



right up to Eccleston Bridge. This canal has been cut off by a 
dam wall built across it, the bed having been filled in and the 
space used as part of the approach to the station and as siding 
room. A building, comprising a drivers' and firemen's mess 
room,Westinghouse brake room and lavatory accommodation, has 
been erected near the turn-table, and engine and carriage docks 
are located in the vicinity. The turn-table and lifts will be 
operated by electricity, and the station and yards will be lighted 
by this means. 

As regards the material employed in the construction of the 
station, the boundary walls, &c., are mostly in Leicester red brick 
relieved with massive white stone facings, and the platforms are 
of brick, with granolithic stone coping. 

The roofing over the new station is divided into two parts by 
the bridge carrying Eccleston Road ncros^ thejst^^ioyi^r^ ^I^area 



m Road across thestation^^ iFM^i 
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covered by the roofing to the North of this bridge is about 187,000 
sq. ft., or somewhat over 4^ acres, whilst that on the South side 
is about 1 6?, 000 sq.ft. or 3I acres ; making a total covered 
area of 8 acres. The northern portion is divided into 5 bays 
by lines of columns ; the spans or these .bays commencing from 
the South-Eastern and Chatham Company's boundary, and being 
72 ft. 4 in., 53 ft. 2 in., 54 ft.' 4 in., 60 ft. 6 in. and 77 ft. respec- 
tively. The last of these bays does not extend to the extreme 
northern end of the platforms, but terminates at the new parcels 
office. 

The width of the southern portion is also divided into 5 bays, 
of which that next to the S.E. and C.R. is of varying span, to 



Beyond these the main roof is terminated by gable ends, but 
at the Northern end, where it abuts on the new booking offices 
and hotel annexe, the ends are hipped down to the top of the 
new booking hall. The carriage way from the South side of 
Elizabeth Bridge to the bottom of the cab incline will be roofed 
over, and the two platforms on the west of the incline will also be 
covered for a distance of about 200 feet from the south side of 
the bridge. 

The chief contractors for the entire work of reconstructing 
the station are Messrs. Mowlem and Company, of Westminster. 

Before bringing the article to a conclusion the writer desires 
to express his thanks to Mr.'F. B. Brown, Assoc. M.Inst.C.E., 



Fig. 7. — Boundary Wall, Buckingham Palace Road. 



suit the curve on that side of the station, and is constructed with 
ridges and valleys transverse to the other bays, which are respec- 
tively 59 ft. 4 in., 56 ft. 10 in., 54 ft. 4 in., and 67 ft. 

The columns supporting the roof are generally 50 ft. apart 
centre to centre longitudinally, between which and supported by 
them are the girders which carry the roof principals. The 
latter are 16 ft. 8 in. apart centre to centre, with braced purlins 
between them carrying an intermediate rafter midway between 
the principals. 

At each side of the Eccleston Bridge the main roof is inter- 
rupted, and a longitudinal ridge and furrow construction is em- 
ployed for covering in the irregular spaces between the bridge and 
the main roof. 



the resident engineer, who, at Mr. Morgan's request, kindly 
afforded the desired information on the spot. It should be added 
that, in spite of the immense difficulties attending the work and 
the magnitude of the operations involved in its execution, no 
interference with the ordinary traffic has occurred. The usual 
services of trains have been maintained throughout in connection 
with the existing station, a fact which reflects credit upon every- 
one concerned. 

Full detvl drawings of the roofing will appear in The Railway 
Engineer for September. 

With regard to the signalling and interlocking, it has been 
decided to adopt the Sykes Electro-Mechanical System, to which 
further reference may be made on a future occasion. 
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Baldwin Four-Cylinder Balanced Compound 
Locomotives.* 

The prevailing conditions in railroad passenger traffic demand the 
highest practicable rate of speed with the heaviest possible load. 
Trains with loads of from 300 to 600 tons behind the engine are 
required to attain a sustained speed of at least 50 miles per hour, 
and those of 200 to 300 tons a speed of 60 miles per hour- 
Instances may be cited where, in order to maintain the schedule 
time, it is necessary to cover a distance of nearly 40 miles, on 
comparatively level track, at a speed of 80 miles per hour, and 
this, not for one day, but every day in the year. 

That a single expansion locomotive, properly designed, can 
do this work is not denied ; but experience has shown that the 
dead weight required for such a locomotive, the increased strains 
and internal friction, together with the difficulty in properly coun- 
terbalancing the driving wheels, is liable to make the wear and 
tear on the track excessive. Aside from these difficulties the firing 
of the locomotive under such conditions becomes a question of 
moment, as it is practicably impossible for one man to handle the 
necessary amount of coal to keep up the requisite steam. ^ 

The advantages that are obtained from compounding the 
steam used in a locomotive are well-known, but they may be 
briefly stated as follows : — 

1. Greater efficiency of boiler, for the reason that pro- 
portionately less steam is used than in single expansion loco- 
motives. A lesser rate of evaporation is required, 

2. A lighter final exhaust to the chimney, by which means a 
more complete and slower rate of combustion is maintained. 

3. A higher boiler pressure can be advantageously used, and 
consequently drier steam obtained. 

4. A greater range of expansion is obtained because the initial 
pressure is higher and the exhaust pressure is lower than in single- 
expansion cylinders. As ihe expansion is divided between two 
cylinders, the relative temperature of the two will be higher and 
result in decreased cylinder condensation. 

All of these advantages tend to give an economy in the use of 
fuel and water, which reaches to from 15 to 25 per cent., 
depending on the conduions of service. It has been maintained 
by some that the increased cost of repairs in the present types of 
compound locomotives more than offsets the amount saved by 
fuel economy. This criticism has led to further improvements, 
and the introduction of the Four-cylinder Balanced Compound 
Locomotive. It is claimed for the Baldwin design that it retains 
all the advantages of compounding and eliminates many of the 
disadvantages, and in addition provides a complete balance of 
both the revolving and reciprocating parts. 

The first locomotive on the Baldwin four-cylinder balanced 
compound system was built in January, 1902, for the Plant 
System, and was the 20,000th locomotive turned out of the 
Baldwin Works after 70 years of continuous operation. This 
locomotive attracted much attention at the time, and its record 
was anticipated with widespread interest. It was, however, too 
heavy for use on the Plant System and was sold to the Chicago 
Short Line. It was of the 6-coupled bogie type with 15 ins. and 
1 5ins. X 26ins. cylinders; 6ft. lin. diam. coupled wheels; 2,793 
sq. ft. heating surface; 27*25 sq. ft. grate area; steel tubes and 
fire box ; i2 7,ooolbs. on coupled wheels, and 49,5oolbs. on bogie. 
All cylinders work on to the leading coupled axle. 

*AbsUracts from '* Record of Recent Construction," No. 49, issued by the 

Baldwin Locomotive Works, 1905. 
'Jn this country these are hardly established facts yet.— Ed. R,E. 



As is common to locomotives of this system, the Lp.-cylinders 
are placed outside the engine frames, connections being made 
with crank pins on the driving wheels. This is to avoid stressing 
the crank axle by the heavy pressure in the l.p.-cylinders in 
starting. The h. p. -cylinders are inside the frames in the same 
horizontal plane as the l.p., and connection is made with a 
cranked driving axle. 



Fig, I.— Cylinder Saddle. 

The cylinder saddle, fig. i, is cast in two parts and bolted 
together in the usual way, each half containing a high and low- 
pressure cylinder and a single valve which controls the admission 
of steam to both cylinders. This admits of the use of the ordinary 
Stephenson type of valve motion the same as is used in single- 
expansion locomotives. The valve, ^%, 2., is of the piston type 



Fig. 2.— Piston Valve. 

with central steam admission, and slides in a machined bushing, 
fig- 3. which is forced into the cylinder saddle. A single reverse 
lever in the cab is all that is required. 

The course of the steam from its admission to the h.p. 
cylinder until it reaches the final exhaust is shown by fig. 4. 



P>g« 3- — Valve Bushing. 

The live steam port in this design is centrally located between 
the induction ports of the high-pressure cylinder. Steam, enters 
the high-pressure cylinder through the steam port and the central 
external cavity in the valve. The exhaust from the high-pressure 
cylinders takes place through the opposite steam port to the 
interior of the valve, which acts as a receiver. The outer edges 
of the valve control the admission of steam.-4^ the low-pressure 
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cylinder. The steam passes from the front of the high-pressure 
cylinder through the valve to the front of the low-pressure 
cylinder, or from the back of the high-pressure to the back of the 
low-pressure cylinder. The exhaust from the low-pressure 
cylinder takes place through external cavities under the front and 



•TARTINO VALVe 



when the counterweight has reached one portion of the revolution 
there is no equivalent weight opposite, and with a heavy locomo- 
tive at high speed, with comparatively light rails, results as shown 
in the accompanying illustration may occur. Fig. 6 shows the 
condition of the rails on a section of track after an Atlantic type 
locomotive of ordinary construction had passed over it at a speed 
of about 80 miles per hour. 

The road here, running over swampy land, had been changed 
from single to double track, consequently the foundation was 
more compact at the centre than at the outer portion, other- 
wise undoubtedly the effect noticed on the outer rail would have 
been apparent on the inner as well. 

Fig. 7 shows the motion of a balanced compound ** Atlantic " 
engine, built for the Chicago, Burlington and Quincy RR., 
and which has cylinders 15 ins. and 25 ins. by 26 ins. ; coupled 
wheels 6 ft. 6 ins. diam. ; heating surface 3,312-27 sq. ft. ; grate 
area 44*14 sq. ft. ; weight on coupled wheels 92,800 lbs. ; total 
weight, 196,500 lbs. It differs from the one previously described, 
in that the main crank pin for the high-pressure cylinder is placed 
in the second instead of the first pair of driving wheels. On each 
side of the engine, while the reciprocating parts in connection 
with the high-pressure cylinder are moving in one direction, those 
in connection with the low-pressure cylinder are moving in the 
opposite direction. These parts having the same rate of speed, 



Fig. 4.— Steam Distribution in Balanced Compound Cylinders. 

back portion of the valve, which communicate with the final 
exhaust port. The starting valve connects the two live steam 
ports of the high-pressure cylinder to allow the steam to pass over 
the piston. 

Fig. 5 illustrates more fully the function of the counter- 
balance of the driving wheels of a locomotive. In each wheel, 
opposite the crank, is placed a certain weight, shown black, 
which denotes the exact equivalent of the weight of the revolving 
parts comprising the wrist pin, wrist pin hub, stub, one-half the 
coupling rod, and on the main pin two-thirds of the main rod. 
The two opposing weights exert the same force throughout the 
entire revolution, and balance each other. 




Fig. 5. — Diagram of Balance. 

If I the revolving parts were the only ones to be considered, 
the wheels could be easily balanced, but the reciprocating parts 
must be provided for. These, comprising a portion of the 
weights of the piston, piston rod, cross-head and front end of the 
main rod, exert a force in a horizontal direction upon the crank 
pin which is unequal during the revolution, being least when 
the pin passes the dead centre, and greatest when the half stroke 
point is reached. It is absolutely necessary to provide some 
means for balancing this weight, and in an ordinary locomotive 
an additional counterweight is placed on each driving wheel 
indicated on fig, 5 by shaded lines. This can be made to 
balance the parts exactly only at portions of the stroke, so that 



Fig. 6. — Rail Depression caused by In perfectly Balanced Locomotive. 

and being practically of the same weight, exert an equivalent 
force in opposite directions at all points and balance each other. 
This leaves only the revolving parts to be compensated for in 
the driving wheels, and these can be exactly counter- 
balanced. The two pistons on each side of the loco- 
tive, travelling in opposite directions, equalise the longitudinal 
strains, and prevent what is termed the " nosing ** action. This 
relieves the track from injury and adds to the safety of the locomo- 
tive and to the comfort of the engineer. 

The strain upon the rail exerted by the unbalanced engine 
must be taken into consideration in estimating the safe wheel 
load which the rail can sustam. It is evident, therefore, that if 
this unbalanced feature is done away with the safe axle load can be 
increased, allowing greater weight to be carried on the driving 
wheels, resulting in the development of greater tractive power 
and the possibility of hauling heavier trains. 

The arrangement of the coupling rods is as follows:— The 
crank on the axle and the crank pin in the driving wheel for the 
corresponding high and low-pressure cylinders are set atatyang^ 

Digitized by VnOOv^tT 



August, 1905, 



The Railway Enemeen 



237 



of iSodeg., the two axle cranks being set at Qodeg. ; this brings 
the action of each high and low-pressure cylinder on one side of 
the locomotive, quartering with those on the other side, and four 
points of connection are provided, equally distributed about the 
central axis. This arrangement, to a great extent, neutralises the 
unequal rotative moments due to the angularity of the connect- 
ing rods. Four sets of rods, guides and pistons are used, but the 
strains are so distributed between them as to make it possible to 
lighten the weight of each and still have ample strength for 



steel and forged in one piece. The centre or neutral axes of the 
crank pins are drilled and a 4in. steel pin is forced into the open- 
ing under hydraulic pressure and riveted over the cheeks. A 
steel band is also shrunk around the outer surface of each cheek. 
Another form of axle is what is termed the "built-up" disk 
axle. It is in nine pieces forged separately. They consist of the 
three parts of the axle proper, the four disks which form the 
cheeks, and the two crank pins. Each of these parts is 
thoroughly forged, and after being machined they are forced 




Fig. 7.— Valve Motion for Balanced Compound Locomotive. 



maximum requirements. This division of the strains decreases 
the wear and tear on the moving parts and compensates for the 
increased number. 

Locomotive No. 507, built for the Atchison, Topeka and 
Santa Fe, is one of 60 recently furnished that road, and which 
have i5ins. and 25ins. x 26ins. cylinders ; coupled wheels 
6ft. 7ins. diam. ; heating surface 3,2i5sq. ft. ; grate area 
49'5sq. ft. ; weight on coupled wheels ioi*42olbs. ; total weight 
i93,76olbs. It is a balanced compound Atlantic type locomotive, 
and formed part of the exhibit of the Baldwin Locomotive 
Works at the Louisiana Purchase Exposition. In this locomo- 
tive the four connecting rods are alV connected with the front 
axle ; the two outside from the low-pressure cylinders to the 
crank pins in the driving wheels, and the two inside from the 
high-pressure cylinders to the axle cranks. With this arrange- 
ment all the connecting rods are of the same length and practi- 
cally the same weight, so that one set will balance the other. 
Although the rods are comparatively short, the vertical strains on 
the guides will not be as great as with an ordinary locomotive 
with much longer rod, for the reason that the thrust caused by 
the cylinder pressure is carried through two rods instead of one. 

The balanced system of locomotives requires the use of a 
crank-axle, but in view of the fact that this style of axle is suc- 
cessfully used in foreign locomotive practice, it is reasonable to 
suppose that with the decrease in the strains brought about by 
the balanced compound principle, the prejudice against the 
crank-axle will be overcome. Every effort has been brought 
to bear to increase the strength of the axle and insure satisfactory 
results. Two different designs have been used, one is of nickel 



together under a hydraulic pressure of one hundred tons, keyed 
and riveted over. This arrangement insures the direction of the 
grain to suit the strains brought upon the axle. Fig. 8 shows a 
built-up axle designed so that all the weights are balanced in the 
same plane. This type of axle is not stressed by the effect of 



Fig. 8.— Built-up Axle, Weights Balanced in Same Plane. 

the " whip " at high speeds, and there is likewise no gyroscopic 
effect by balancing different weights in the same plane. 

In a letter signed by Mr. C. M. Taylor, mechanical superin- 
tendent of the Atchison T. and S. Fe R., it is recorded that one 
of these engines hauled a train weighing 562 tons behind the 
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tender over a length of 202*4 miles, rising 1,565ft., with only one 
stop (of i4mins.) at Syracuse, in 4h. i2niins. The actual average 
speed was 48*1 miles per hour ; the consumption of coal 8^ tons 
and of water 14,600 galls. 



2—6—2, or "Prairie" Type Express Engine; Lake 

Shore and Michigan Southern R.R. 

One of the Heaviest Passenger Locomotives in the 

World. 
Whilst it cannot by any means be said that engineers in 
Europe are accustomed to look to America for every improve- 
ment in locomotive construction, it is certain that in that country 
proportions have been advanced to an extent unknown else- 
where. In recent years there have been several instances of 
the ** largest " and ** heaviest " locomotives, both passenger 
and goods, being put into service on United States railways, 
and quite lately the American engineering papers have ques- 
tioned the advisability of employing locomotives of such 
extreme size and power, not so much on the score of the ability 
of the tracks to support the additional strains thrown upon 
them as upon the ground as to whether such enormous engines 
can be operated, under the varying conditions of traffic, with 
due regard to economy. 

The loading gauge in America permits of locomotives 
being built having a height from rail to top of chimney of 
close upon, if not actually, i6ft., as compared with a maximum 
of 13ft. 6in. in this country, and about 14ft. 6in. upon the 
Continent, whilst a corresponding gain in width so that larger 
boilers and cylinders and increased dimensions throughout 
are rendered possible, with a consequent development in the 
weight and power of the locomotive. 

The accompanying illustrations show one of several 2 — 6 — 
2 or " Prairie'* type express passenger locomotives built at 
the Brooks Works of the American Locomotive Company 
for the Lake Shore and Michigan Southern RR. The engines 
of this class were, until quite recently, the heaviest ever built 
for passenger service, and are remarkable not only for that 
reason, but also on account of their large adhesion weight, 
the wheel arrangement and other features to which we refer 
in detail in the description which follows. These locomotives, 
which are known on the L.S. and M.S.RR. as class K, 
followed upon the J series. They have the same wheel 
arrangement and general design, but smaller proportions in 
many important respects, with a corresponding reduction in 
weight and power. 

Among other duties required of the new engines is that 
of hauling, without assistance from piloting, the Lake 
Shore, Limited, a train usually made up of 13 heavy 
vestibule cars weighing in the aggregate 743 tons 
behind the tender, a distance of 183 miles in 4 hours 
10 minutes with two stops, the scheduled speed being 
44 miles per hour, including stops. On some occasions 
the weight of the train is increased to close upon 
800 tons by the addition of further cars, but the running 
time remains as usual, in spite of the fact that four stops in 
place of two are sometimes made. 

The cylinders are outside the frames and the connecting 
rods work on to crank pins in the intermediate pair of coupled 
wheels. The three coupled axles are all ahead of the firebox, 
advantageously placed for distributing weight upon them for 
adhesion purposes. The front end of the engine is carried 



upon a two-wheeled pony truck, which latter has 8in. of 
lateral motion, whilst the trailing end is supported upon 
a two-wheeled truck of the improved ** Player '' type with 
gins, of lateral motion. 

The frames are of the bar type, commonly used in Ameri- 
can practice, except at the rear, where they are of the plate 
form customary in European locomotives. They are of cast 
steel throughout, the bar sections being 6ins. wide for the 
greater part of their length. They are strongly braced by 
means of cast steel cross stays at the rear of the leading 
coupled axle, by large flat steel castings on top of the frames 
between the driving and rear coupled wheels and at the point 
where the bar and plate sections are spliced together just in 
front of the firebox. 

The boiler is of very large size. It is of the ** coned *' or 
extended wagon top pattern. The barrel is in three rings, 
that next to the smoke-box ring being tapered. The plates 
are of steel, ranging from j^ if^- ^o i J '"• thick. There are 
322 tubes of 2}ins. diameter; the length over the tube plates 
is 19ft. 6ins. The firebox is of the wide type, with sloping 
crown plate and outer shell, the construction is of steel 
throughout with a plate thickness of |in., except for the 
tube plate, which is Jin. thick. A water space of 4iins. is 
provided at the sides and front and 4ins. at the back. Radial 
stays are used, and the ash pan is of the hopper type with 
rocking grate. There are two rectangular fire doors hinged 
to open out back to back, and the brick arch is supported 
upon four 3ins. water tubes. The smoke-box is extended 
and is fitted with diaphragms, having netting 2ins. by 2ins. 
mesh placed at an angle front and back of the blast nozzle. 

The springs of the second and third pairs of coupled 
wheels are connected by equalising beams with those of the 
trailing truck, and the large equalising beam under the fire- 
box is designed so that the lower or tension member is larger 
than the upper or compression member, for the purpose of 
reducing the stresses per sq. in. in tension as much as 
possible. 

The steam chests are located above the cylinders and the 
piston valves which are i2ins. in dia., are actuated by 
ordinary link motion with a rocking shaft and specially curved 
valve rod for transferring motion to the higher plane of the 
valves. 

The principal dimensions of these interesting locomotives 
are as follows : — 

Cylinders, 2iiin, dia. by 28in. stroke. 

Coupled wheels, 6ft. 7ins. dia. 

Front truck wheels, 3ft. 6Vm. dia. 

Rear „ „ 4^^. oin. dia. 

Coupled wheel base, 14ft. 

Total ,, ,, 34ft. 3in- 

Piston valves, i2in. dia. 

Greatest travel, sJin. 

Outside lap, ijin. 

Inside clearance, Jin. 

Lead in full gear, V« i"- 

Boiler dia. at front ring (outs), 5ft. loin. 

Height of centre above rail, 9ft. 6in. 

Length over tube plates, 19ft. 6in. 

Heating surface tubes, 3.678 sq. ft. 
,, ,, firebox, 198 sq. ft. 

,, ,, water tubes in firebox, 29 sq. ft. 

total, 3.905 sq. ft. 

.Grate area, 55 sq. ft. 

Working steam pressure, 200 lbs. per sq. in. 

Adhesion weight, 74 tons 2\ cwt. 
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Weight of engine loaded, without tender, 104 tons 
I J cwts. 
The tender is carried upon two four-wheeled bogie trucks, 
with outside frames provided with nests of coil springs in the 
centre portion. The coal capacity is 15 tons and water 
capacity 7,800 U.S. gallons. 

The total wheel base is i8ft., making the total for engine 
and tender combined 52ft. 3in. The tractive power exerted 
by the engine is 27,850 lbs. 



Recent Patents relating to Railways. 
These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C., 
from whom copies of the specifications can be obtained at an 
uniform price of Sd, each. 

Fog Signalling Apparatus. 1,772, joih January, 
1905, A, C. Lee^ 63 and 67, High Street, Slough, Bucks. 
This invention provides an apparatus for placing detonators on 
the rail and removing them. A linked band carrymg detonators 
alternating with blanks is imwound from a reel and traversed 
over an inclined guide placed at right angles to the rail. Below 
the band, levers 2, 8 are mounted, the lever 2 being directly 
operated by the usual connections 3, between the ordinary signal 
arm and signal cabin. A hook 6 on the upper end of the lever 2 
engages and feeds forwards the detonators, when the signal is 
puUed to " danger," whilst the lever 8 is operated to place a 
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blank on the rail as the signal is pulled to " line clear " by the 
arm 5 on lever 2 bearing on an arm 7 on the lever 8. At the 
next forward swing of the lever 2 the lever 8 is pulled back by a 
spring. An apparatus for placing a second detonator on the rail 
but withdrawing it should the first explode comprises a guide for 
the band carrying the detonators, the extremity 19 of which is 
hinged or pivoted so that it can drop below the level of the rail. 
It is held up by a movable arm or link 23 and spring 25 
mounted on a lever arm 22 fixed on a shaft 20A. A fan 26 is 
also fixed on the shaft 20A, in close proximity to the first 
detonator, so as to be displaced by its explosion, thereby rotating 
the shaft 20A and causing the part 12 to fall and pull the 
detonator off the rail. The detonator is afterwards replaced on 
the rail by levers 30, 31, which raise the part 19. (Accepted nth 
May, igos) 

Releasing Automatic Couplings. 9,051, 29th April, 
190S' F, Krupp, Essen, Germany, 

The jaw B of the coupling, which tends to open under the influ- 
ence of a spring acting on the lower end of the pivot bolt B\ is 
locked by a finger C and held in the locking position by a spring 
D. An arm E is fixed on the lower end of the pivot bolt C^ of 
the locking finger, and connected by chains F, F^ with two arms, 
OS &, of a three-armed lever, whose other arm G passes through 
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an aperture in a tappet H, connected to two pull rods K. Springs 
M bear against each end of the tappet and normally hold it in the 
central position. (Accepted ist fune, 1905,) 

Brakes (Wagon). 16,337, 23rd July, 1904, H. S. 
Thomas, Kazarma, Llanelly, Carmarthen ; and E, Ridley, Artadt 
Chambers, Llanelly, 

The brake hand levers are counterbalanced by the weights /^, 
and are capable of being operated simultaneously from either side 




or the vehicle, being connected by rods g, ^ mounted loosely in 
slots in the levers, and rods h, H- connected to an iniennediaic 
crank /. In order that the crank or two-armed lever 1 may rise 
and fall with the brake levers it is mounted to slide on a fixed 
vertical pivot k, (Accepted 25th May, 1905), 

Wagons. 16,225, 22nd July, 1904, E. Hancox, S, 
Dixon Street, Stockton-on-Tees. 
Relates to the construction of wagon bodies which are built up of 
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sections of metal plates or sheets. Metal bars A, provided with 
grooves at right angles, are used in conjunction with grooved 
sections B, D, C, £ to form a framing into which metal plates, 
d, d^ . . . d\ with thickened edges, are inserted. When the 
plates are in place the sides of the grooves are compressed around 
the thickened parts of the plates forming a strong joint. 
{Accepted 2Sth May^ ^905)^ 

Couplings (Wagon). 15,856. i6(h July, 1904. E. /. 
Hill^ Jiy Victoria Street, iVestminster, 

The end link of a coupling chain is provided with a hook or 

tongue A, adapted to be engaged by the end of a plain pole or 
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rod to enable the link to be raised and dropped over the coupling 
hook. Arms d d^ e e^ on the hook epable it to be firmly clamped 
upon the inner bow of the end link. {Accepted i8th May, ^90y). 
Carriage Windows. 16,197, 21st fuly, 1^4. C. 
ScoH-Snell, jj, Victoria Street, IVestttnnster, S, W, 
A sliding sash of the usual form is connected by a strap of 
webbing, passing over a roller R, with a counter-balance weight. 
The roller and balance weight are so arranged that vibration does 
not affect the equilibrium, yet a steady force applied by hand is 
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walls, whilst the floor consists of a double wall. Insulating 
niaterials, such as wood pulp, paper pulp, cellulose or cork, are 
interposed between the outer wall and intermediate wall. Repairs 
are facilitated by forming the walls of removable panels 10, this 
arrangement, moreover, limiting distortions. The maintainence 
of a low temperature in the wagon is ensured by filling the pipes 
13, 14 with an uncongealable liquid. A fan 17 sucks air in 
through the pipes 20, refrigerating worms 22 and a plug of 
filtering material. The central air inlet 27 is closed by means of 
a balanced valve when the fan is not in action. (Accepted ist 
June, T905,) 

Signals. 12,751, 6th June, 1904, W. R. Sykes, Cedar 
Lea, Park Hill, Bickley, Kent. 

The invention relates to combined electrical and mechanical 
means for controlling semaphore or other signals operated by 
electro or other motors. The signal rod is jointed to the crank 
pin 3 of a shaft 5 on which is a loose spur wheel 6 operated by an 
electro motor i by means of the shaft 8 and the worm 7. The 
shaft 5 carries a crank piece on either side of the spur wheel the 
crank pin 3 being on the crank piece on one side and a tripping 
lever on the crank piece on the other. On one side of this spur 
wheel are two fixed studs 19, On the crank 28 carried by the 
crank shaft 5 and forming part of the tripping lever 9 is a small 
loose shaft or stud 22, which is fitted through the crank piece and 
forms the fulcrum for the tripping lever 9 and the stud 22 has a 
semi-circular projection 27. A projection 29 and a quadrant 
piece 30 form guides for the tripping lever 9. An electro magnet 
fixed in the box 10 has a circular armature 11, to which is fixed a 
pin 12. This circular armature in its normal position is held 
away from the electro magnet by springs. When a current is 



suflScient to raise or lower the window. To this end the roller is 
made of triangular or pentagonal section, so that in the course of 
rotation the weight and the window acting on opposite sides of 
the roller axis are alternately acting at different radii. (Accepted 
25th May, ipo5). 

Refrigerator Wagon. 7,^54. 13th April, 1905. The 
Intercontinental Railway Co,, Ltd,, 64, Rue Canmartin, Paris, 
and I JO, Cannon Street, London, 
The sides, end and roof of the wagon are provided with triple 
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sent through the electro magnet the armature 1 1 causes the pin 
1 2 to form an obstruction in the path of the tripping lever 9. A 
cam roller 13 is fixed on the pin 20 of the arm 21 and which is 
fixed to the shaft 5. On an arm 16 are fixed springs 14 and 14"* 
electrically connected together but insulated from the frame work 
of the device for the purpose of joining up or cutting off" the 
current from the electric motor i. The arm 16 has a tail piece and 
the arm together with its trial piece is pivotted at 26 and operated. 
Helical springs 17, 18, fixed to the tail piece of the arm 16 serve 
to keep the arm in its normal position thereby forming contact 
between the contact stud 15 and 15* and also form-s a brake on 
the rotating parts when the cam roller 13 strikes the arm 16. 
When the signal is operated the motor rotates, the electro magnet 
holds the tripping lever in position, and the crank shaft pulls off 
the signal, whereupon the current is cut off by the cam operating 
the contact breaker. When the signal lever is put back the 
current to the electro magnet is also cut off and the tripping 
device being no longer held by the pin 1 2, leaves the crank shaft 
free, allowing the signal rod and arm to return to its normal 
position by gravity. {^Accepted 2^th^ 1905*) 

Couplings (Automatic). I4,8gg, 2nd/uly^ 1Q04, /. A. 
TimmiSy 2, Great George Street^ Westminster^ S, W, 
The object is to provide an elastic and flexible coupling of the 
central hook type. One half of the coupler consists of a buffer 
head B which slides on a spindle S provided with springs, against 
which the buffer head bears. A pin P mounted in slots in the 
spindle carries a hook H. The other half of the coupler consists 
of a buffer head B^ mounted to slide on the outside of jaws J, 
formed on the end of the spindle S^ provided with buffer and 
draw springs. A small auxiliary spring H is placed in a cup 
between the head B^ and buffer spring. Pins P F and P R pass 



through links L in the head B\ the pins P R also passing through 
weighted hand levers V. The rear pin P R is shown more 
clearly in fig. 3, the two links L L fit on the parts marked L' L\ 
while eccentrics J^ J^ fit into holes in the jaws J J. On buffer 
head B^ and hmged on it is the bridle O going over the hook H. 
The ends of this bridle can turn downwards as the coupler is 
shown, but if the buffer heads are pressed hard together the ends 
of the bridle are prevented from falling by the top ends of the 
hand levers V V. If the levers V V are raised pin P R will 
revolve on and about the eccentrics J^ J^ in the jaw J which 
serves as a fulcrum, and as a consequence the links L L and 
forward pin P F are thrown forward, and the hook H can be 
uncoupled off pin P F. The bridle O prevents the hook H from 
rising when a vehicle is driven against another. As V V are 
raised to enable a pair of couplers to be uncoupled the eccentrics 
cause the small spring A to compress so that there is no necessity 
to compress the much stronger buffer spring. {Accepted ^ i8th 
May, 1905,) 

SPECIFICATIONS PUBLISHED. 

A.D. 1904. 

8421. Crossing permit and like apparatus. Higley. 

1 275 1 . Signals. Sykes. 

1 31 28. Buffers. Rees and Moreton. 

13163. Crossings and points for tramways and railways. Le Rossif^ol. 

13353* Electrically propelled railway and tramway vehicles. Collins. 

13705. Life guards tor tramcars. Case and Hampson. 

13729. Points for railways and tramways. Zylberlast. 



13788. 
14457. 
14899. 
14990. 
15856. 
16135. 
i6z8i. 
16197. 
16225. 
16337. 
16390. 
Z6586. 
20941. 
21227. 
and Gilbert 

28922. 

29471. 

(Hcpper). 

Mitchell. 
1772. 

2447. 
2763. 

5387. 
7479. 
7934. 

^ . ^33. 
Febvre. 

9051. 
Akt.-Ges. 

9666. 
10014. 



Signalling apparatus. Smith and Newell. 

Automatic oil-saving appliance for railway hand lamps. Wood. 

Couplings. Timmts. 

Manufacture of crossings, points and guard rails. Hadfield. 

Wagon couplings. Hill. 

Coupling devices. Gray. 

Carriage door looks, liayes. 

Carriage windows. Scott-Snell. 

Wagons. Hancox. 

Wagon brake. Thomas and Ridley. 

Fluid pressure brakes. Westinghouse Brake Co. 

Point mechanism for electric tramways. Lawrence. 

Signalling systems. Prokov and Richter. 

Portable apparatus for dressing the surface of rails in siiu. Woods 



Hopper wagonK. Keith and Bonn. 

Rail supports. Lovell. 

Protecttn| device for tramcars. Esemann. 

Interlocking of points or signals by means of keys. Mackende 

A.D. 1905. 
Double volute springs for wagon buffers and draw springs. 

Detonator apparatus. Lee. 

Life guards for railway vehicles. Watson. 

Carriage door locks. Appleby 

Fog or danger signalling apparatus. Blakemore. 

Tramway cars. Michel. 

Refrigerator wagons. Inter-continental Railway Co. 

Mail and package delivering and receiving devices for trains. Le 

Apparatus for releasing automatic couplings. Fried-Knipp 

Wagon couplings. Shingler. 

Couplings (automatic). Fried- Krupp Akt-Ges. 



Official Reports on Recent Accidents. 

Near Manors Station, Newcastle, N.E.R., on the 
iSth March. Lt.-Col. E. Bruitt, R.E,, reports that\— 

Fireman Allen was found lying dead in the six-foot way 
between the up north and down Tynemouth lines, close to 
Argyle Street signal-box, a short distance on the Tynemouth 
side of Manors Station. He had evidently been run over. 

Near Argyle .Street signal-box there are four passenger 
lines running approximately east and west — viz., the up and 
down north lines and the up and down Tynemouth lines, the 
latter being on the south side of the former. On both the 
north and south side of these four passenger lines are sidings, 
known as the Trafalgar North and Trafalgar South Yards. 
Between these two yards, crossing the four passenger lines, 
is a through road with the usual trailing connections to the 
passenger lines, and a good deal of shunting is carried on 
at the place. The four passenger lines and the connections 
between them arc fitted for electric traction, but the sidings 
are not so fitted. The live rails are all protected throughout 
the length of the sidings by a wooden guard on each side of 
the rail extending to a height of about two inches above it, 
but at the connections this protection can only be given on 
one side of the live rail, as otherwise it would prevent the 
aihoe of the electric car passing from the live rail of the cross- 
ing to that of the passenger line. 

It is impossible to say exactly how this fatal accident 
occurred, as no one apparently saw Allen from the time he 
was relieved from duty at 4.30 a.m. until his dead body was 
found at 5.45 a.m. When relieved his engine was standing 
at the western end of the south siding close to the tunnel 
under New Bridge Street; and he got down from the engine 
and walked straight back along this siding, towards Manors 
Station, and he was found about 220 yards away from where 
he was relieved lying in the six-foot space between the up 
north and down Tynemouth lines just where the through 
connection between the north and south yard crosses those 
lines. 

Apparently Allen had been run down by a train on the 
down Tynemouth line which had dragged his body along for 
some 24 yards, and, judging from the condition of his clothes, 
he had apparently been struck from behind. The usual way 
for men to leave the south yard during the night, when the 
exits from that side of the line are locked, is to cross bjr the ^ 
through connection to the north t^^^^j^l^^ffy^VL^^^ *^ *?lC 
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entrance always unlocked, and apparently Allen was gfoingf 
this way when run down. It was a wet and stormy morning:. 
With regard to men crossing: from the south to the north 
yard while it is dark, the throug:h road, being: quite straig:ht 
and free from any ** live raiLs/* is safe as far as coming: in 
contact with such rails is concerned, but from a g:eneral point 
of view is not so safe as if men walked along- the siding^s to 
Manors Station, where there is a recognised crossing from 
the siding to the platform, and the men might be encouraged 
to use this crossing at all times. 

At Alexandra Palace Station, G.N.R., on the nth 
March. Li.'CoL E. Druitt, R.E., reports that:— 

The 8.3 p.m. down passenger train from X'ictoria due at 
Alexandra Palace at 9.14 p.m. came into collision with the 
9.20 p.m. up passenger train which was standing at the 
western platform. 

Three passengers and 3 servants were injured. 

The down train consisted of a four-wheels-coupled tank 
engine running chimney first, with a trailing bogie, and of 
twelve four-wheeled close-buffered vehicles, fitted with the 
automatic vacuum brake working blocks on the four coupled 
wheels of the engine and on all the wheels of the carriages. 
The brakes were stated to have been in good order. 

Two trains were standing in the western platform road, 
the engine of the first being about 10 yards inside the plat- 
form signals, which were at danger, when the down train was 
allowed to enter the south end of the same platform road. 

Under these conditions great care should have been exer- 
cised by the signalman working the traffic into the station, 
but he neglected to give any warning to the driver of the in- 
coming train, who, thinking he had a clear road as far as the 
middle of the platform, did not observe the platform signals 
for hiniself, and, not being warned by his fireman, ran past 
these signals at danger, and came into sharp collision with the 
engine of the train which was shortly to leave the same plat- 
form. 

There is a discrepancy in the evidence as to when the 
Alexandra Palace home signal was lowered for the incoming 
train. Driver Shadwell and his fireman, Jarman, both declare 
it was already lowered before their train left Muswell Hill 
Station, 340 yards from the signal-box, and that they saw 
no signal given from the signal-box on passing it, whereas 
signalman Stratford says he did not lower the home signal 
until he thought the engine was almost up to it. On the 
other hand, signalman Talbot, at Muswell Hill, says he saw 
the signal light change from red to green when the tail of 
tfie train was about leaving the north end of that station plat- 
form, which would be when the engine was 130 yards away 
from the Alexandra Palace home signals. From this it is 
evidfent that signalman Stratford failed to carry out the rule 
as regards stopping a train at the home signal before caution- 
ing the driver as to a train being already at the platform. He 
admits he never carried out Rule 87 (h), which requires a 
train to be stopped at the signal-box and the driver verbally 
warned to proceed cautiously, but says he tried to exhibit a 
green light, but owing to the rain the window stuck, and he 
could not open it. 

Although the collision was mainly due to the neglect of 
signalman Stratford to warn the driver of the incoming 
train, yet both he and his firema^ failed to observe the plat- 
form stop signals, and ran past them at danger at consider- 
able speed. It is true they are difficult to see from the right- 
hand side of the engine, but a driver can easily cross the 
foot-plate and look for himself, so driver Shadwell cannot 
be acquitted of all share of responsibility for the collision, 
even if fireman Jarman, who was looking out, did not tell 
him that the signals were at danger. It is difficult to under- 
stand how fireman Jarman failed to see these signals, as they 
are very plainly visible, if he were on the look-out. The speed 
when entering the station appears from the force of the 
collision and the damage done to have been too high for a 
terminal station, and for this the driver must be held 
responsible. 



At High Street Junction, Gateshead, N.E.R. On 
3rd April. JJ.-C0I. E. Druitt, R.E., reports that :— 

The carriage next the engine of the 7.55 p.m. York to 
Newcastle passenger train left the rails and was partially 
overturned. Two passengers complained of shock. The 
train consisted of a 4-coupled bogie engine, tender, and 8 
coaches fitted with the Westinghouse automatic brake. 

Approaching Gateshead East Station from the direction 
of Sunderland the line forms a sharp reverse curve. For 
down trains this commences about 100 yards before reaching 
Hawks Junction signal-box, where the curve is to the left, 
the radius being 10 chains for a distance of about 280 yards, 
then there is a straight portion of 120 yards, and then a sharp 
curve to the right of 6 chains radius at High Street Junction, 
increasing to 9 chains radius through the station. At High 
Street Junction there are facing points in the down road lead- 
ing to a goods line, but the passenger line has a curve of 6 
chains radius as above mentioned. The first marks of derail- 
ment were on the check rail of the inner running rail just 
50ft. beyond the facing points, and 5ft. in front of the point 
of the crossing; all three right hand wheels of the vehicle 
had evidently mounted the check rail, and then went off to 
the left of the line, and the left hand footboards mounted the 
down platform and scraped along its outer edge. The train 
came to a stand at a distance of 258 yards from the point of 
derailment. There is a speed restriction of 10 miles an hour 
round both the curves mentioned above. 

This derailment was due to the excessive speed at which 
driver Halford drove the train in question round the sharp 
curve at High Street Junction, and also to the fact that he 
applied the brakes hard on just as he approached the junction. 

The vehicle derailed had 6 wheels with a wheel base of 
23ft, and lateral play of 2ins. in the middle axle boxes. With 
the brakes suddenly applied the weight of the rest of the 
train would press this leading carriage against the heavy 
engine and tend to lift it, and this, with the speed, would 
facilitate the wheels mounting the check rail against which 
they would be grinding heavily on the sharp curve. 

An engine had been derailed at the same spot two days 
previously, and a new check rail had been put in on the after- 
noon of the day of the derailment of the vehicle in question, 
and the curve had then been examined by the inspector of the 
district. 

The Co. has already taken steps to widen the line at this 
spot, so as to enable a curve of larger radius to be laid in at 
the junction, which it is most desirable should be done, and 
any tendency on the part of drivers to exceed the authorised 
speed at these curves should be carefully checked. 

At Devonport Station, G.W.R. On 28th February. 
Lt.'CoL H. A. Yorke, R.E., reports that:— 

The 7.10 passenger train ex Falmouth collided with a 
goods train. The driver and the fireman of the goods 
engine and i passenger were injured. 

This collision was due to the failure of the driver, H. 
Hammacott, to have the Falmouth train under proper control 
when approaching Devonport. There are two up distant 
signals for Devonport Station, the outer 750 yards and the 
inner 206 yards from the home signal. The inner distant 
signal is worked by the same lever as the home signal, and 
is merely a repeater of the latter. Such a signal is unusual, 
and is necessary because a tunnel about 120 yards long on 
the west side of Devonport Station shuts out the view of 
the home signal. 

The goods train was being shunted on to the down line in 
order to make way for the up passenger train. It is usual to 
shunt the train from the up to the down line by means of 
the cross-over road at the east end of the station, but owing 
to the presence of a ballast train on the down line it was not 
possible to use this cross-over road, and signalman 
May therefore decided to shunt it through the cross- 
over road at the west end of the station, which 
is only a few yards in advance of the up home 
signal. Before he decidecLto do so hthad^been asked from 
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Keyham **Js line clear?" for the passeng^er train, and as 
the goods train was waiting to be shunted at Devonport he 
accepted the passenger train under the warning arrange- 
ment ("Section clear but station blocked *'). This was at 
9.49, and immediately after this he received the ** Train 
entering section '* signal from Keyham. In spite, however, 
of the fact that the passenger train was approaching Devon- 
port from Keyham, May allowed the goods train to shunt 
across from the up to the down line, the home signal cover- 
ing the operation being, as stated, only 12 yards from the 
fouling point of the cross-over road from the up main line. 
The instructions on the block signalling card in Devonport 
signal-box authorise the use of the * 'warning " signal for 
passenger trains, and places no restriction as to the condi- 
tions under which it is to be used. Signalman May was 
therefore, according to the strict interpretation of the Rules, 
entitled to shunt the goods train in the face of an approach- 
ing passenger train. He admitted that if he had seen the 
passenger train approach he would have brought it to a 
stand before allowing the goods train to move, but thought 
there was time for the goods train to clear the up line before 
the passenger train would arrive. As, however, there is a 
tunnel immediately west of Devonport Station, it was clearly 
impossible for him to see the passenger train, and as he had 
no knowledge as to how near the passenger train might be 
he committed an error of judgment in not waiting until this 
train arrived before he shunted the goods train. 

Driver Hammacott probably expected when he emerged 
from the tunnel to find that the home signal had been lowered 
to admit him to the platform, and that he never anticipated 
being stopped at the home signal. He had no right to act 
upon any such anticipation. He had been on duty about 7 
hours. 

Signalman Maynard at Keyham ought to have stopped 
the train at his up home signal and then allowed it to draw 
slowly down to the starting signal, and he could then have 
** warned " the driver by word of mouth as the train passed 
the signal-box. Driver Hammacott did not receive a proper 
** warning " on passing Keyham. 

The Company should be invited to take the necessary 
steps to prevent the ** Section clear but station blocked" 
signal being used at Devonport in the manner and for the 
purpose described in signalman May's evidence. The use 
of this signal is always attended by some risk, for not only 
is the signal one that may easily be misunderstood, but there 
is a chance of its being abused. In this case it seems to me 
that both these conditions arose; it was not understood by 
driver Hammacott, and it was used by signalman May for 
a purpose which invoFved unnecessary risk. 

It may be that the signal cannot be dispensed with alto- 
gether (though if drivers could invariably be relied on to 
obey the semaphore signals it would not be required), but 
its use should be as limited as possible and only authorised 
for special reasons. 

At Saltash Station, G.W.R. On\27th March. Major 
J. W. Pringle, R,E,, reports that:— 

The engine, fitted with a steam brake, set back with 
violence on to 6 coaches, forming the 6.15 a.m. workmen's 
train from Saltash to Devonport, then standing at the down 
platform in Saltash Station. Twenty-seven passengers com- 
plained of injuries. 

The driver and fireman state that the engine attained a 
speed of from five to eight miles an hour before steam was 
shut off, and that the latter applied the hand brake, which, 
owing to the slipperiness of the rails, had very little effect. 
At a distance of 10 to 15 yards from the coaches, which were 
held by the vacuum brake, the driver appears to have suddenly 
applied his steam brake, with the result that the engine wheels 
skidded and the collision occurred. 

Acting-driver Lander and fireman Williams are responsible 
for the collision, which was probably brought about by some 
lack of caution on their part. This may possibly have been 
induced by their anxiety to start as soon as possible, on 



account of the train being so late, ar>d the desirability ol 
making up time so that the workmen might re?ich the dock- 
yards at the hour, fixed. 



At Craiginches, C.R. On i6th January. Lt.-Coi. H. A. 
Yorke, R:E., reports that:— 

The 5.30 p.m. (Aberdeen to Kinnaber Junction) North 
British passenger train was run into in rear by the 5.40 p.m. 
(Aberdeen to Perth) Caledonian passenger train. The guard 
of the N.B. train and 5 passengers were injured. 

The N.B. train consisted of 2 engines and tenders and 10 
vehicles, and the Caledonian train an engine and tender and 
9 vehicles, and an assistant engine in rear. The three last 
vehicles of the North British train were badlv damaged. Both 
trains were fitted throughout with the Westinghouse con- 
tinuous brake. The N.B. train was standing with brakes 
•*off.»' 

Craiginches is merely a block post. The up-home signal 
is 200 yards from the signal-box in the direction of Aberdeen. 
The up-starting signal is 120 yards and the up-advanced 
starting signal 590 yards south of the box. Immediately 
south of the signal-box there is an over-bridge carrying a 
roadway over the railway, which hampers the view of the line 
from the box. The night was a very wild one, there being a 
high wind and heavy rain. 

The collision was due to the mistake made by signalman 
James Cowie at Craiginches, who, having stopped the North 
British train at his advanced starting signal at 5.37 p.m., 
forgot to lower the signal for it, and accepted the 5.40 Cale- 
donian train ex Aberdeen from Ferryhill Junction at 5.44, 
while the North British train was still standing at the above 
signal. The reason the North British train was stopped at 
the advanced starting signal was because when it first arrived, 
the section between Craiginches and Cove was not clear, being 
occupied by a previous train. 

Cowie's mistake was probably due in the first instance to 
a lapse of memory, but after he had enquired from Cove as to 
whether the North British train had arrived, and had received 
an answer in the negative, he was certainly remiss in not 
looking out of his window to see whether the train was still 
at his advanced signal or not. Had he taken this simple 
precaution he would have realised his mistake, and the 
accident would not have occurred. He had been on duty 
si hours. 

Guard Hardy, who was riding in the last van of the 5.30 
North British train; should, according to the rule, have gone 
back to the signal-box to remind the signalman of the pre- 
sence of his train when he found that it was being unduly 
detained. The rule leaves it to the discretion of the guard 
to decide for himself after what length of detention it is his 
duty to go to the signal-box. In this case Hardy's discretion 
was at fault. He had been on duty about 8} hours, including 
3| hours' rest in Aberdeen. 

A cattle train in the sidings and the curvature of the line 
prevented the driver of the C.R. train seeing the N.B.R. 
train until he was about 30 yards from it. 

The advanced starting signal at Craiginches is not well 
placed. It is 590 yards from the signal-box, and the view of 
it is bad owing to the curvature of the line and the position 
of the sidings on the inside of the curve. The signal has been 
recently placed in its presem position in consequence of the 
alterations in the sidings and of the points leading thereto. 
The reason of it being placed so far out is, to aUow a train 
to get in and out of the sidings while another train is stand- 
ing on the up main line at the advanced starting signal. The 
position therefore cannot well be altered, but in order to 
guard against a repetition of the present accident, the com- 
pany has decided to place an electric treadle a full train's 
length ahead of the advanced starting signal to control the 
home signal in such a way that the latter, having once been 
lowered for a train, cannot be lowered for a second train 
until the previous train has passed over the treadle in 
advance of the signal. 
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At Aylesbury Station— At Huddcrsjtel i—Near Stratfotd Market 
Station. 

Mr. James S. Beale having retired from the firm of Beale 
and Co , of fiirmingham and London, solicitors to the Midland 
R , has betn elected a director of the company in succession to 
Sir Henry Wiggin, Bart., who has retired on a< count of 
his advanced age. 

Mr. Thos. M. Wormald, of Dewsbury, has been elected 
a director of ihe Grtat Northern R. 10 fill the vacancy cause 1 by 
the resignatijn of Sir Savile Crossley. 

Sir George S. Gibb, general manager of the North 
Eastern R., has accepted the chairmanship of the board of 
management of the Railway Benevolent Institution for the ensuing 
year. 

Mr. £. Lake, ciaef assistant goods manager of the North 
Eastern R., has been appointed general manager of the Barry R. 
in succession to Mr. R. Evans, who has accepted a seat on 
the Board. 

Mr. Edward Watkin, mii.eral manager of the Great 
Central R., has been app.iited geneal manager of the Hull, 
Larnsley and West Riding J uixtion R. 

Mr, F. A. Campion, district engireer at Peterborough, 
Great Northern K., has been appointed to succeed Mr. Charles 
Lavey, ditrict engineer at King's Cross, and who has retired 
after 43 years' seivice. 

Mr. H. F. Golding, asiistint loco.noiive engineer at 
Penarth Docks of the Taff Vale R., has been appointed locomo- 
tive engineer of th;: Barry R. in succession to Mr. J. H. 
H Osgood, who has left the company. 



The retirement of Sir David Hunter, K.C.M.G., general 
manager of the Natal Government Rs., is announced, and the 
Legislative Council have unanimously agreed that his 26 years 
of service ''call for fitting acknowledgment and special re- 
cognition." 

Mr. A. C. Carr, one of the district locomotive superinten- 
dents of the East Indian R., has been appointed works manager 
of xhz Bengal-Nagpur R. at Khargpur, with the rank of assistant 
chief mechanical engineer. 

The sudden death, at Kondcbosch, near Cape Town, of 
Mr. John Brown, C.M.G., late chief engineer of the Cape 
Government Rs., was announced last month. 

We regret to have to record the death of Mr. W. E. 
Langdon, consulting electrical engine::r to the Midland R. He 
was telegraph superintendent of the company from 1878 until 
the end of 1902, when he was superannuated. He was a mem- 
ber of council of the Institution of Electrical Engineers and 
President in 1901-02. He died on the 12th ultimo, the day after 
his 73rd birthday, at Westc'iffeon-Sea. 



London and North Western Railway, 
Our premier railway, which, according to some amateur critics 
and ** experts," is supposed to be going rapidly down hill, again 
** dished " the " crokers " bv maintaining its dividend of 5 per 
cent, an i carrying forward ^74,494, n-arly the same amount as 
in the previous corresponding half-year. The accounts show an 
increase fron coaching iratfic of ^^9,832, notwithstanding a large 
decrease of 741,000 in the number of passengers carried. The 
passenger train mileage increased by 240,5:6 miles, which is 
largely due to the through express trains from the north to the 
south coast. There was a small decrease, ;^9,46o, in the receipts 
from goods traffic. The working expenses, notwithstanding the 
increase of ;^i 8,000 for rates and taxes, were reduced by ;^35,i59. 
The goods and mineral train mileage was reduced by 257,516 
miles, but the receipts from live-stock and minerals were 
slightly greater, and from merchandise slightly les«. Such figures 
speak for themselves. 

Rates and Taxes. 

Lord Stalbridge drew the especial attention of the L and 
North Western R. shareholders to the increase of ^^i 8,000 during 
the past half-year under the head of rates and taxes, and stated 
that 95 per cent, of the increase was due to increased poundage 
over which, of course, the company had not the slightest control. 
He further pointed out that out of every jQ earned on the 
ordinary stock 4X. 2ti. is paid in rates and taxes as against is, Sd. 
ten years ago, and ir. 9^. twenty years ago, and these amounts do 
not include income tax. 

Railway Subscriptions to the British Cotton Growing 

Association. 
Both the L. and North Western and the Lanes, and Yorks. 
railway companies have subscribed ^^ 1,000 to the funds of ihe 
British Cotton Growing Association. It is so obviously to the 
interests of the ordinary shareholders of these companies that 
Lancahire should have more fields to draw its supplies of raw 
cotton from than it has at present, that it is rather surprising thai 
the directors should have thought it necessary to bring the vote 
before the half-yearly meeting, particularly as they pay away 
large sums annually with the greatest secrecy to the Intemationil 
Railway Congress, which is of very little (if any) benefit to the 
ordinary shareholders. 

The Hall Road Accident; Lanes, and Yorks. R. 

The terribly fatal collision that occurred on the 27th July at 
Hall Road Station oh the Liverpool-Southport electrically worked 
section of the Lanes, and Yorks. R. had several notable features. 
It is the first bad accident on an electrically operated railway 
in this country, but the method of traction had nothing whatever 
to do with the cause of it ^-^^^^^^ by ^^OOg IC 
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An express from Liverpool was turned off its line, which was 
clear, on to a middle road occupied by an exactly similar, but 
stationary and empty, train. The loss of lives was appalling, viz., 
20, and out of all proportion to the number, 3, of the injured. 
The body of the first car of the express passed into the body of 
the first car of the standing train. No wheels left the rails 
and the heavy motor bogies of the leading car of the 
express drove the motor bogies of the first car of the standing 
train under the second car. No "shorts" of any moment, 
and no burning of the wreck occurred. The fuses at the 
power house were immediately blown and both lines became 
dead, and the adequacy of the precautions adopted against 
fire fully demonstrated. The cause of the accident was a very 
simple one, and under similar circumstances would produce a like 
disaster at any station in the country. It was a violation by the 
signalman of what may be called the first law of interlocking. 
The points had been set for the road on which the empty train 
was standing, and the signalman thought he had put them back 
for the road the express wanted, and which, being clear, he tried 
unsuccessfully to pull the signal off for. He then assumed the 
signal was out of order, and flagged the express on with the above- 
stated result. The signal had previously given trouble, but had 
worked properly all the day, and was, as a fact, in proper order. 

The coroner's juryfoundthat the signalman's mistake was " cen- 
surable but not criminal." They also recommended that facing 
points at Hall Road and everywhere else possible should be 
abolished. It is, of course, necessary to make some allowance for 
the over-wrought condition of the brains of coroners' juries on 
these sad occasions. 

In connection with this accident, a statement has been widely 
circulated in the papers to the effect that the signalmen on the 
Liverpool-Southport electric line are heavily fined if they stop an 
express train. So far as we know this statement has not been 
contradicted, and if such a nefarious practice do exist the 
sooner it ceases the better, as it would be monstrous that signal- 
men earning 241. per week should be tempted to take risks with 
express trains rather than with their own pockets. 

Metropolitan "Inner Circle" Electric Working, 
It seems to be by no means certain that the "Inner Circle" 
will be worked electrically this month. The M. District were 
lately reported to be "waiting to hear frona the Metropolitan R. 
When the modifications to their shoes for picking up the current 
have been made the * circle ' service will commence." We hear 
that the shoes which are beyond the ends of the bogies are being 
shifted to the middle of the bogies. On the other hand it is said 
that a mountain has been made out of a mo'e-hill and that the 
Metropolitan District are, or were, short of cars, and not very 
sweet on the circle traffic. The Metropolitan staff evidently 
devoutly believe in some such theory, for they all have but one 
stereotyped answer to all enquiries, viz. : " They (meaning the 
District) are not ready for us yet." Whatever the cause may be 
the result is not one to be proud of. 

Electric Traction on the North Eastern Railway. 

As to the results obtained from the " electrified *' lines of the 
North Eastern R., the chairman was not very enthusiastic at the 
half-yearly meeting. He said a year's working was too short a 
time to judge by. But as compared with the last year of steam 
working the passengers have gone up 20*9 per cent, and the 
receipts 17*6 per cent., against which "you have to take into 
" account the capital which has been spent and allow for deprecia- 
"tion," The electrification "has resulted in some increase of 
" net revenue, and therefore it has been a convenience to the 
** public, because more people travel, and it has been profitable 
" to the railway because it has brought us increased traffic." We 
should like to see the comparison made with steam working before 
the electric tramways had depleted the company's revenue. 

Electric Traction on the Lanes, and Yorks. Railway. 

As the complete electric service on the Liverpool, Southport, and 
Crossens line has only been in operation six months the Chairman 
of the L. and Y. R. was not able to tell the shareholders at the half- 



yearly meeting very much as to the finandal results of the electrifi- 
cation. He said it had been quite satisfactory, that 600,000 
additional passengers with ordinary tickeU had been carried, and 
that the number of season tickets had increased. The fine ser- 
vice had also induced building oper^tio^ns. along the line. He 
was, however, quite clear that it would be impossible to give such 
a rapid and frequent service by any other method. 

This may be so, and without doubt the service is a smart 
one. The whole line, with its level crossings and absence of 
bridges, is, in fact, quite American, but as a railway service it is 
a long way behind what is done on the Great Eastern R. 

Sir George Armytage is further reported to have said that there 
were indirect advantages to be considered, particularly the reduc- 
tion of operations necessary at the terminal station, as the train 
could leave the platform it arrived at without any shunting, and 
this alone will postpone the necessity for enlarging the Liverpool 
station for some time. 

This is a substantial reason which would have become 
interesting had the estimated cost of enlarging the starion been 
given. The use of platforms in terminal stations, both for the 
arrival and departure of the same train without shunting, is, of 
course, not peculiar to electric working, and has been for years 
the practice with suburban trains at every large terminal station. 

North-East London Railway Authorised. 

The Act authorising the construction of the North-East London 
R. was passed befoie Parliament rose. The railway will surt 
from the City near the Monument, and run to Walihani Abbey 
— a distance of about 14^ miles, the first 4 J miles of which (to 
Hackney Road) will be in tubes. The line will then rise to the 
surface and continue in the open. It will be worked by electric 
power, and will, it is estimated, cost about ^^4,000,000 to con- 
struct. It may be safely said that nearly all the traffic it will 
carry for some time will be taken off the Great Eastern R. 

Royal Commission on London Traffic. 
The Report of the above-named Commission is to be shortly 
followed by seven other volumes containing the minutes of evi- 
dence, appendices, maps, &c. 1 The public generally, and the 
press particularly, are much indebted to Mr. Lynden Macassey, 
M.A., B.Sc, secretary to the Commission, for preparing anid 
issuing for the convenience of the press a masterlv digest of the 
Report printed on one side of the paper only ready to send to 
the printers. This digest was, of course, issued quite unofficially^ 
but it accounts for the skill and ability which nearly all the 
pai)ers have displayed in dealing with the lengthy and compli* 
cated Report. 

The principal recommendation of the Commission is that a 
Central Iraflfic Board, consisting of a chairman and two or four 
members, should be established, and which should report 
annually to Parliament on all matters affecting locomotion and 
transport in " Greater London," examine and as far as possible 
settle Bills before passing them on with a report to PariiacDent, 
determine disputes as to running powers, interchange of traffic, 
&c., between railways and tramways. 

The Commission strongly recommend the consolidation of 
Tramway and Light Railway Law and the abolition of the 
" veto " of local authorities and frontagers. 

As regards railways the Commission points out that it is of 
vital importance '* not to attempt to use urban railways in any 
"way or for any purposes which may prevent the ruiming on them 
** of tram services of maximum frequency." It considers thai 
when the railways now under construction are completed all the 
London main line stations Mrill be provided with adequate 
facilities for distributing the passengers arriving at them, except 
in the cases of Paddington and Victoria and Fenchurch Street. 
To meet the case of Victoria it recommends the extension of the 
North- West London R. from Marble Arch. It also recommends 
better connection between the western suburbs and North-East 
London. It favours shallow tunnels in preference to tubes. 

The Report is full of useful information, but its proposals, 
especially as regards road traffic, are quite V^^PV^/^^l^^f't^X 
impracticable. Digitized by Vri V^VJ^ LV^ 
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Road Motor Services ; L. and North Western R. 

A MOTOR service between Connahs Quay and Mold, connecting 
up the main line to Holyhead with the cross-country line from 
Mold to Denbigh, has been inaugurated by the L. and North 
Western R. Co. The cars start from Connahs Quay and run 
alongside tfie estuary of the Dee as far as Flint From thence the 
road leads south over Flint Mountain, from which a very extensive 
view of the whole estuary of the Dee is obtained, and then on 
through the picturesque village of Northop to Mold, a distance 01 
lof miles. The same route is taken on the return journey. 

The cars seat 34 passengers and carry a limited quantity of 
luggage. 

Since the omnibuses started running they have been very well 
patronised, and are bringing many people from the country 
districts to the market at Mold, as well as affording easy access to 
Northop, which has hitherto been rather isolated, the nearest rail- 
way station being three miles away. 

So far there has been no failure of any kind. The distance 
covered is from 18 to 19 miles, or three complete journeys daily. 

The company have also put into service, between Holywell 
station and Hoiywell Town> a steam goods lorry which was 
exhibited at the Royal Agricultural Show at Park Royal in June, 
and propose to shortly run a motor 'bus service similar to the Mold 
Connahs Quay one above mentioned. 

Holywell lies at the top of a very steep hill i } miles from the 
station, and hitherto the average weight taken by a pair-horse 
team has only been 13 cwt. The new steam lorry is capable of 
taking 5 tons, and also a trailer with a capacity of 2 tons. 



Scottish Railv^ay Notes. 

The financial half-year which has just ended has been a very 
prosperous one so far as the two leading Scottish railways are 
concerned — the North British comes out well to the fore with an 
increase of ;^i 9,743, and the Caledonian follows with one of 
^14,759. On the other hand the Glasgow and S.W. records a 
decrease of ;fi 2,677. 

The new naval base at Rosyth on the Forth will be another 
"plum" for the North British R. Company, which has a 
monopoly in Fife, and which has now been instructed by the 
Admiralty to proceed with the construction of the branch Jine for 
both passenger and goods traffic with all possible despatch. 

The ** powers that be " of the Caledonian R. seem to recog- 
nise the advantages that are to be derived from extensive adver- 
tising, and their new posters are very attractive and artistically 
got up. 

The arraf^gements in connection with the Royal Review 
which is to take place in Edinburgh on the i8th inst. is taxing 
the energies of the officials in the excursion departments to the 
utmost, and night work is being resorted to. 

The competition between the three leading companies 
or the traffic to aid from Glasgow and the Clyde resorts 
by reducing the time of the journey is to be further promoted by 
the addition to the North British fleet of another new paddle 
steamer, which is expected to make greatly-improved ** records." 
No where round Great Britain is there such keen rivalry. 

United States Metallic Packing. 

Many of our readers will be interested to know that the United 
States Metallic Packing Co., Ltd., of Bradford, Yorks., have 
opened a London Offi e at 17, Victoria Street, Westminster. 

Large Order for Oil-feeder^. 

We understand that the Admiralty have placed an order wiih 
Messrs. Joseph Kaye and Sons, Ltd., Leeds, for 4,700 of their 
new patent serrated oil-feeders. 

Beira Railway. 

We are informed that an agreement has been arnved at between 
the Mozambique Co. and the Beira R.C0. with regard to reduced 
railway rates for goods im|>orted ioio the Mozambique Co.'s terri- 
tory and Rhodesia via Beira. 



So long ago as September last it was decided that the rates 
for goods entering via Beira should be reduced, and in the early 
part of this year the maniger of the Beira and Mashonaland R. 
returned to South Africa to prepare a new tariff, which, after 
careful consideration and adjustment, has been accepted by the 
• various companies interested. 

The new rates, of which notice will be published on receipt of 
the approval of the Portuguese Government, in so far as they 
relate to the Mozambique Co.'s territory, are considerably lower 
than those now in force, the reductions varying according to the 
class of goods from 10% to 35%. The reductions should largely 
increase the traffic over the Beira R., and make Beira the pruici- 
pal port of entry for the whole of Rhodesia. 

Books, Papers and Pamphlets. 

£arfA and Rock Excavation. Bv Chas. Prblxni, C.£. London : Crosby 

Lockwood and Son. 1905. 

This is a practical treatise upon the important subject of 
excavating, removing and depositing rocks and earth. Though 
in the construction of railways, docks, canals and other public 
works these operations generally comprise the most important 
part of the work there appears to be a great dearth of books 
treating of them ; in fact, the author, and we think rightly so, stated 
that he knows of no book in the English language which covers 
descriptions of the different operations required for planning and 
executing any excavation work and which classifies and describes 
clearly the various implements and machines used for excavating 
and disposing of the spoil. There is, without doubt, a vast 
amount of information on the subject stored away in the Pro- 
ceedings of the Institutions of Civil Engineers of England, 
Ireland and America, but it has to be excavated at a considerable 
expenditure of time and labour. For this reason alone Mr. 
Prelini's very able and co nplete work will be welcomed with 
avidity by young engineers, for whom the book is primarily 
intended, and will also speedily find its way on to the book 
shelves of older engineers and contractors as an excellently 
arranged work of reference. 

The book is conveniently divided into short chapters, the first 
two being devoted to the graphical representation of earthworks 
and the methods of calculating quantities and the cost of earth 
work. The next chapter carefully reviews the question of 
balancing cuttings and embankments, and the desirability or 
otherwise of spoil banks and borrow pits. 

Excavation of rocks without and with the aid of blasting are 
dealt with in turn, and the necessary hand and machine tools 
descrijed and mostly illustrated. Rock-drilling is treated with 
care and at length, as are also the details of blasting, includ- 
ing the transport and storing of explosives, the firing of the 
charges, &c. 

Excavation of earth is next described. Beginning with a few 
remarks as to the relative advantages of the long and short 
handled shovel, the author deals ui turn with most of the diggers, 
excavators and grabbers. In a similar way the removal of material 
begins with the wheelbarrow and ends with the large Goodwin 
dump-cars. Several systems of hauling on inclined roads^ vertical 
hoisting and transporting by aerial ways are discussed, and their 
relative features reviewed. 

The latter portion of the book is given to a consideration ^f 
the direction of excavation work. The examples chosen are well 
selected and cannot fail to be useful, as will be the data given as 
to the shrinkage of earth. 

Books Received. 

The IVot/its Locomotives^ A digest of the latest locomotive practice in the 
railway countries of the world. By Charlbs S. Lakb. With 8 fokiing 
plal«s and over 300 photographs and detail drawing^. ^X^p^p i^erdvai 



raphs and detail drawings. Londan rPerdv 

Digitized by VnOOQIC 



248 



The Railway Engineer. 



September, 1905. 



Marshall and Co., 2629, Poppin's Court, Fleet Street, E.C. [380 pp. ; 

9)ins. X 6}ins. ; pricie los, bd. net.] 
Universal Directory of Railway Officials. 1905. Eleventh year of puhlicn. 

tion. London : The Dircciory Publiahinjr Co , Ltd., 3, Ludgatc Circus 

Buildings, E.C. [667 p.p., price ioj. net,] 
Electric Trucks, Record of recent construction. No, 50. Baldwin Locomo- 

live Works, Philadelphia, Pa.. U.S. A. 
The Law and Practice relating to Patents, Trade Marks and Designs, By 

David Fulton, Assoc. M.Inst. C.E., Barrisier-ail^w. 3rd edition 

(1905). Jordan and Sons. Ltd., 1 16 and 120, Chancery Lane, London, 

W.C. [072 pp. ; 8iins. x s^ins. ; price 12s, td, net.] 
The •* Handy " Hotel Guide, ElcTenih edition. Published by the Hotel and 

General Advertising Co., Ltd., 239, Shaftesbury Avenue, London. 

[Price 2d,\ gives useful information about upwards of 1,000 hotels, 

mostly in this country.] 
Tales of the Pail. By Railway Men. Published for the benefit of the funds 

of the Irish Branch of the Railway Benevolent Institution, under whose 

auspices the book is issued. Second edition, 2oih thousand. Dublin : 

The F. W. Crossley Publishing Co., Ltd., 1905. [96 pp. ; 7iins. x 4}ins. ; 

price (id'\ , u j- 

This is a collection of railway anecdotes which are well worth reading. 
They arc mostly amu ing or interesting, and will serve to while away the time 
of a journey very pleasantly. 
A G tide to Standard Screic Threads and Tivist Drills (small sizes). By 

Georgb Gentry. Illustrated. London : Percival Marshall and Co., 

26 29, Poppin's Court, Fleet Street, E.C. [The Model Engineer Series, 

No. 27, 77pp., price 6rfl net.] 
AIod:nt Engines atid Power Gemrators, A practical work on prime 

movers and the transmission of power steam, electric, water and hot air. 

By Rankin Kennedy, C.E. With 8 plates and 221 illustrations. Vol. 

VI. (and last). London : The Cajcion Publishing Co., 84-86, Lhancery 
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65 ft. Composite Corridor Carriages ; Caledonian 

Railway. 

As stated in our last issue, the Caledonian R. Co. have, with the 
obj- ct of improving their service be tween Glasgow and Edin- 
burgh and Aberdeen, had constructed at their works at St. 
Rolbx, to the designs of Mr. J. F. Mcintosh, M.Inst.C.E., 
locomotive, ca riage and wagon superintendent, some very fine 
new corridor carriages, of which, by the courtesy of Mr. Mcintosh, 
we were able, on pp. 224-6 of our last issue, to publish the 
drawings of the bodies. The drawings of the underframe and 
bogies accompany this article. 

Our drawings refer specifically to the composite carriages, but 
as cross sections and end elevations of the vans were also given 
Ihey may be taken as illustrating the entire trains. The 
composite carriages illustrated are divided into eight (five first 
and three third) compartments, besides the lavatory at each end. 
For the^e trains — the Grampian express — there are also third- 
class brakes with five compartments and two lavatories, and 
compo-brakes with three first and four third-class and two 
lavatory compartments. The first-class compartments seat six 
and the third-class eight passengers. 

The carriages are all 65ft. long over the bodies and 68ft. 6ins. 
over the buffers ; 9ft. wide at the waist (with 3jins. turn under at 
the floor on each side and ijins. at the cantrail) and 12ft. tin. 
high from the rails to the top of the roof. It will be seen from 
our illustrations on p. 226 that the carriages fill the loading gauge 
pretty fully, and as regards height and width are of the maximum 
possible dimensions. 

The first-class compartments are finished in polished walnu*, 
relieved with gilt scrolls. The upholstering is in brown tapestry 
moquette trimmed with silk vellum lace. Over the floor linoleum 
in the non-smoking compartments is laid a Cashmere rug, having 



a pattern and colour which harmonise with the cushions. The 
roof and lop sides are of Lincrusia Walton treated in white and 
gold. The four-light electrolier and the metal covers of the 
window blinds are gilt. The inside of the doors are padded with 
embossed Morocco leather. 

The third-c'ass compartments are finished in mahogany and 
upholstered with peacock-blue French carpet, having a black 
floral pattern with orange spots. The floors are laid with thick 
cork linoleum of a bright pattern, the side and ceiling panels are 
filled with Lincrusta Walton enamelled white. The scaU have 
shaped spring backs in which the upholstery is carried higher 
than is usual in such compartments. The cushions are stuiTed 
with curled horsehair, and by means of a special arrangement of 
the sofa springs the elasticity is extended to the edge of the seat. 
Four light bronze electroliers fitted with opal shades are provided, 
and the spring roller blind cases are also bronzed. 

Air extrac.ors are fitted on the roof, and there are series of 
permanently open perforations in the doors leading to the 
corridors. The drop lights of the doors are provided with 
draught excuders, and may, by a recently patented device, 
be held in any desired position. The window sills have 
sloped recesses for draining off" the condensed moisture 
from the windows. The luggage racks are of corrugated brass 
wire. The standard passenger communication by means of tnc 
brake is fitted. Mirrors and the company's official, hotel, and 
other notices, including a newly prepared panoramic map of the 
Caledonian R. and a plan of Glasgow and the district, are used 
to fill the panels. The ceilings of the compartments and 
corridors are made symmetrical which undoubtedly improves 
their appearance. 

The floors of the corridors are covered with cork matting 
which adds to the comfort and their appearance of the caniiges, 
and also protects the main floor from wear. 

The lavatories are lined with " emdeca " zinc sheets coloured 
to imitate tiling. They are supplied with hot and cold water, the 
former being available in winter when the steam heating ippatatos 
is in use. 

The heating cylinders are arranged as shown on the plan and 
are filled with acetate of soda heated by steam. Each compart- 
ment is fitted with controlling handles so that passengers nuy 
regulate the temperature of their compartment. 

The vans are fitted with bicycle racks and also with a safe for 
consignments of especial vaiue, and with the switches and 
handles for controlling the lighting and heating of the train. 

The double floors and sides are packed with hair felt with the 
object of reducing as much as possible the noise of travelling. 

Every effort has been made to secure the easy riding of these 
carriages, and with that end in view rubber blocks h ive been 
inserted between the body and the under frame. 

The bogies are of the six-wheeled type, and are constructed 
entirely of pressed steel plates, as shown by the drawing. The 
wheel base is 12ft., and the length of the sales ryft jins. llie 
wheels are 3ft. 6in. diameter on the tread, and the jourruiU gins, 
by 4ins. 

The bearing springs are 5fr. long, and their suspension links 
are fitted with rubber springs. The bolsters are fitted with 
coiled springs of Timmis section. 

The H bolster is also built up of pressed plates placed back 
to back, and their flanges connected by covering platen. 

The under-frame is also common for all the vehicles. Il is 
64ft. loins, long over the headstocks and 44ft. between the 
centres of the bogies ; the width over 1 
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with bent corners lo connect the memberF, The soles and head- 
stocks are c\ annels Qins. by 3 Jins. by ^in. The middle longitu- 
dinals between at the bogie centres consist of channels Sins, by 
3ins., back to back loins. apart, with a yVn. plate covering ihem, 
but elsewhere they are of oak, the end lengths and diagonals 
being SJins. by 4jins. and SJinF. by 3|in?. respectively, and the 
middle lengths being icins. by 4ins. These timber members 
facih'ia'e the fixing of the plate buffing and draw spring, which is 
inserted frcm below and supported by a steel plate bolted up with 
through bolls, as shown. 

The bolster cross bearers are channels 81ns. by 3ins. back to 
back as shown, and the intermediate cross bearers consist of 
angles, ihe under one being 4^ins. by 2 Jins, by Jin., and carrying 
the dynamo and one end of one of the accumulator boxes (see 
section E. F.). At this point there is a heavy U plate between 
the timber longitudinals and which carries the brake lever. 

The frame has four e^ueen trusses, having a total depth from 




Six- Wheeled Bogie for 65^. Corridor Carriages ol Grampian *' Express ; 
Caledonian Railway. 

the top of the under frame of isins. to the centre of the truss 
rods, which are ijins. diam. The posts of the trusses are 
supported on a cross timber under the soles and let mlo the 
middle longitudinals (se^ cross section C. D.). The othi r end of 
one of the accumulators is hung on this member, which is held 
up by through bolts. 

The Westinghouse brake cylinder, lains. diara., is fixtd at 
the centre of the frame and is carried on ang!es between the sole 
bar and longitudinals, and on the other side of the longitudinals 
the other accumulator box is supported. (See section A and B). 

The bays of the frame are braced d agonally with ribband 
plates as shown. 

The carriages are fitted with the electric light. Each vehicle 
has its own dynamo, gereraing current at 24 voUf, and two 
batteries of accumulators, which when folly charged will continue 
to light the compartments and corridor for 9 hours after the 
charging current is off. The first-class compartments are allowed 
40 c.p., and thirds and corridors 32 cp. The guard can swiichj 
off or on half or all the lights on the tra^j^ed by V^nOOQiC 
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Widening Qposvenop Bridge— London, Brigliton and 
South Coast Railway. 

By Chas. S. Lake. 

When describing the reconstruction of Victoria Station in 
the August issue of The Railway Engineer^ the writer inci- 
dentally referred to other works which are essential features 
of the remodelling process to which the railway is at present 
being subjected, from the designs and under the supervision 
of >rr. Charles L. Morgan, M.Inst. C.E., the company's 
chief engineer. 

One of the most important of these, and one which is also 
of great interest to engineers, is the widening of Grosvenor 
Bridge, which carries the line over the river Thames about 
half a mile from the southern end of the new Victoria Station. 
Considerable interest is attached to this work, for not only 
was the original structure — formerly known as the Victoria 
Bridge — the first to carry a railway over the Thames at 
London, but, when the widening works now in hand have 
been completed, the bridge, taken collectively, will be, it is 
believed, the widest railway bridge in the world. And in 
view of the present additions the history of the older struc- 
tures has also a particular interest. 

The bridges formed the subject of two papers read before 
the Institution of Civil Engineers in 1867, one by Mr. 
William Wilson, resident engineer under Sir (then Mr.) John 
Fowler, designer of the bridge; and the other by Sir (then Mr.) 



The bridge, which after all these years of constant use is, 
for all practical purposes, in as good condition as the day 
upon which it was completed, consists of four segmental 
wrought iron arches, each having a span of 175ft. at the 
springing, with a rise of 17ft. 6ins. — one-tenth of the span — 
and a clear headway of 22ft. above Trinity high-water level. 
At the Northern end there is a land arch or opening of 70ft. 
span, crossing Grosvenor Road, and at the southern shore 
there is a corresponding opening of 65ft. span, crossing land 
belonging to and occupied by the L., Brighton and S.C. R. 
Company. 

With regard to the spans and the positions of the piers 
and abutments, the engineer had little or no option, as the 
precise openings had already been settled by works which 
were at that time (1857) either existing or in course of con- 
struction; thus the line of embankment walls necessarily 
determined the position of the abutment faces, whilst the 
close proximity of the Chelsea Suspension Bridge — 150 yards 
to the westward — rendered it essential that two piers of the 
the railway bridge should coincide with those of the adjacent 
structure, and by dividing the main span of the suspension 
bridge four equal spans of 175ft. each, with three inter- 
mediate piers in the river were obtained. 

The importance of these particulars and others that follow 
lies in the fact that the general design of the new bridge now 
being erected approximates very closely in several material 
respects to that of Sir John Fowler, a point to which further 



Fig, I, — View of Original Victoria and Pimlico Railway Bridge, built by Sir John Fowler in 1859, taken before present works were commenced. 



Douglas Fox, whose father, Sir Charles Fox, was engineer 
for the widening works and also for the second bridge thrown 
across the Thames at the same point in 1865-6. In the first 
of these papers, which dealt with the design and construction 
of the original bridge erected in 1859, it is stated that it was 
not until 1857 that any attempt was made to relieve the public 
from the delay and inconvenience arising from the fact that 
all the lines approaching the Metropolis from the South had 
their termini situated on the southern bank of the Thames, 
removed from the centres of population and difficult of access. 
In 1857 the Victoria and Pimlico R. was projected, with the 
object of extending the railway then terminating in Battersea 
Fields to a more central position in the West End, where 
the then existing Grosvenor Canal and Basin offered a favour- 
able opportunity for obtaining a large and commodious sta- 
tion at a comparatively low cost. This railway, although only 
about one mile in length, involved works of considerable mag- 
nitude and difficulty, the chief of which was the bridge for 
carrying the lines over the Thames. The first stone of the 
bridge was laid on the 9th of June, 1859, and the first train 
passed over on the corresponding date of the following year 
thus only twelve months were occupied in the erection of 
this important structure. The total cost, including the land 
arches and abutments, was about ;684>ooo, and as the super- 
ficial area of the roadway between the parapets was 31,690ft., 
the cost per superficial foot worked out at £2 13s. The 
total length being 930ft., the cost per lineal foot for each line 
of railway was ^45 3s. 



reference is made later. The structure was designed to 
accommodate two lines of rails of mixed gauge, i.e., standard' 
or 4ft. 8iin., for the Brighton and the London, Chatham and 
Dover trains, and 7ft. oin. for the Great W^estern broad gauge 
trains. A general idea of the appearance of the first bridge, 
before the present works were commenced, can be gathered 
from fig. I. After the arches had been erected and the sup- 
ports removed, the whole of the iron work was subjected to 
a severe testing of its strength. This was done by loading 
each arch with a moving weight of 350 tons, which was equal 
to a load of i ton per lineal foot on each pair of rails. 

The deflections were taken with the greatest accuracy by 
fixed gauges underneath and by levelling from above, the 
results in each case, when compared, being found to perfectly 
coincide. Commencing at the north end the load was placed 
first on the 70ft. opening, extending over the abutment up 
to the centre of the first arch. The deflection of the 70ft. 
girders was 0.48 inch in the centre. The greatest deflection 
in the arch was at a point 60ft. from the abutment and 
amounted to o.58in.; at the crown it was o.38in. The hori- 
;5ontal girder showed a deflection of o.72in. at 60ft. from the 
abutment. The same test produced a rise in the adjoining 
arch to the extent of 0.1 2in. at the crown, but the third and 
fourth arches showed no movement. The next test was 
moving the whole load over the entire span of the first arch, 
and the deflection produced by this was 0.71 in. at the crown 
of the arch, and o.56in. at points 35ft. on each side of it. The 
deflection of the horizontal &fj^f^cl>^\^©^roughout its 
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entire lengfth, commencingf at zero on the piers and gradually 
increasing- up to 0.71 in. at the centre. The adjoining arch, 
which was unloaded, showed a rise in the centre of o. i6in. 
and o. i7in. at 30ft. nearer the load. The horizontal girder 
also rose to the extent of o.24in. midway between the pier and 
the centre of the arch, no change being perceptible in the third 
and fourth arches. The load was then passed on to the 
centre of the first pier and extended from crown to crown of 
the first and second arches; this produced a depression of 
o.4iin. at the crown of each arch and o.36in. and o.24in. In 
the horizontal girders midway between the piers and the 
centres of the arch. The second arch was then subjected to 
the whole load, and the deflection noted was 1.02 in. at the 
crown and o.76in. at 30ft. on each side of it, the horizontal 
girder deflecting o. i2in. midway between the pier and the 
crown. The two adjoining arches rose o. loin. in the centre, 
and the greatest rise in the horizontal girder was at 30ft. 
from the pier, where it amounted to o.24in. The same load 



as will have been gathered from the foregoing particulars, 
only the two mixed-gauge lines of railway to give access to 
the combined terminus of the L., Brighton and S.C. R. and 
the L., Chatham and Dover R., and the original intention 
when the widening works were undertaken was to construct an 
independent bridge to carry three additional lines of way for 
the sole use of the Chatham and Dover trains, but it having 
been determined at the same time to add a third line for the 
L., Brighton and S.C. R., it became necessary to make 
arrangements for joining up the new work with that of Sir 
John Fowler's bridge of i860. The broad gauge rails were 
removed from the two existing lines and a third track on the 
standard gauge was laid down for the Brighton Company's 
traffic, whilst on the completion of the work the L., Chatham 
and Dover, and the Great Western trains were provided with 
two narrow and two mixed gauge lines, carried entirely upon 
the new structure, the first stone of which was laid on the 
22nd February, 1H65, and the first locomotive passed over 



Fig. 2. — View looking Norih from South Abutment, showing Spans 3 and 4. 



equally distributed over the third arch produced a deflection 
of i.oSin. in centre and in the fourth arch it amounted to 
o.gGin. The loads were then removed and a train of engines 
weighing i ton per lineal foot and 175 feet in length was run 
at full speed over one line. This produced a deflection of 
o.4oin. in the first arch, o.48in. in the second, and o.45in. in 
the third and fourth arches. After the experiments were 
completed the arches and horizontal girders were carefully 
gauged, and the permanent set was found to be so small as 
to be scarcely appreciable, the readings being o. loin. in the 
first arch, o. loin. in the second and o.i2in. in the third and 
fourth arches. 

The railways designed by Sir Charles Fox, M.Inst. C.E., 
in 1862 had for their object the improvement of the means of 
access to Victoria Station, and the scheme, as before men- 
tioned, involved the widening of the existing bridge over the 
Thames, just as at the present time the widening works 
designed by Mr. Morgan for improving the capacity of the L., 
Brighton and South Coa«;t R. have necessitated a further 
widening of the bridge in viiiostion. 

Prior to the construction uf the works of 1862 there existed, 



within seventeen months of that date, viz., on the ist August, 
.1866. 

In this case the total cost of the bridge was ^^245, 000, 
equal to about £2 13s. per superficial foot of space covered, 
or about j^;^S per lineal foot of single line. 

The design of this bridge difl'ered materially from that of 
Sir John Fowler, although there were of course many features 
common to both structures, particularly in repect of dimen- 
sions, such for instance as the width and rise of the arches 
and other proportions necessary to make the two adjoining 
bridges correspond with one another. On the completion of 
the second bridge the total combined width was 132ft. 6in. 
between parapets, and the number of lines carried was seven, 
viz., five narrow and two mixed gauge. There were also 
platforms on the bridges, one 24ft. and the other 12ft. wide, 
in connection with the stations at either end, and the portion 
of the bridge carrying these platforms was so arranged as to 
admit, upon the addition of one more rib only in each span, 
of three additional narrow gauge lines, so that the two bridges 
should be unitedly capable of carrying ten lines of way, viz., 
eight narrow and two mixed gauge. 
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Cominf*: now to the bridge at present being erected, this 
is, as before said, part of the widening and reconstruction 
scheme of the L., Brighton and South Coast R., and in his 
design Mr. Morgan has reverted very largely to that adopted 
by Sir John Fowler in 1859, but there is a marked difference 
in the details of construction and the materials and methods 
employed in the work. The accompanying illustrations, from 
photographs, clearly show the new structure at various stages 
during erection, whilst the drawings correctly illustrate the 
details of the design and the proportions employed. The 
bridge consists of four spans, having a clear opening of 
178 feet each. The three piers, which were constructed in 
cast iron caissons, are built of Swedish granite, the hearting 
consisting of Staffordshire brindle bricks set in cement. The 
bull-nosed course and skew-backs are of Cornish granite, and 
the upper portion of each pier is built of York stone w-ith a 
hearting of cement concrete. The portion of the pier built 
in the caisson was brought up to a short distance above low 
water mark, when the upper portion of the caisson was 
removed, only the two bottom rings remaining in. 



the bridge, and a heavy retaining wall extends from the 
northern extremity for some distance in the direction of the 
new terminal station at Victoria. The southern approach 
span will be connected with the widened lines, now* terminating 
alongside Battersea Park Station, by means of a series of 
arches and plate girder spans across the Company's extensive 
goods yards situated at this point. This will involve the 
demolition of the building at present used for the manufacture 
of oil gas (Fintsch's system) largely employed for carriage 
lighting on the L.., Brighton and S.C. R. A new building is, 
however, being erected further down the line in substitution 
of that about to be pulled down. The widening south of the 
bridge has also involved cutting through the roofs of two 
locomotive sheds of the round-house type, a rather intricate 
operation, and these roofs have now been modified to con- 
form to the altered conditions' without the ground area having 
been interfered with. Considerable ingenuity has been exer- 
cised in carrying out this portion of the work which has been 
effected in a most creditable manner. At a point near Batter- 
sea Park Station a further widening has been introduced with 



Fig. 3.— View looking North taken from South Approach Span 



The new portion of the pier was then loaded heavily to 
guard against settlement, and when the load was removed 
it was connected to the existing cut-water by cast iron girders 
and a pressed brick relieving arch. • 

The portion of the new pier was then bonded in to the old 
for the remainder of its height. 

The widenings provide for two additional lines — an engine 
line and the new up-msin — each of which is carried by a pair 
of steel arched ribs hinged at the springings. The pins of 
the hinges are of foiled steel, I2in. diameter, with knuckle 
castings of cast steef. The load is transmitted to the arched 
ribs by means of vertical spandril columns, built up of stan- 
dard sections, and a distributing stringer girder transmits the 
load from the cross girders to the spandril columns. The 
flooring consists of cross girders and intermediate rail 
bearers. The four ribs constituting the bridge are thor- 
oughly braced together so as to provide a stiff and rigid 
structure, and great care has been taken to provide for the 
effects of expansion and contraction all the way through. 

The work includes two approach spans, one at each end of 



the object of providing carriage sidings in addition to the 
through roads. These side tracks will communicate with 
those of the main line just before reaching the point at which 
the bridge is entered upon. 

A further improvement which has been carried out in con- 
nection with the general scheme, and one which has consider- 
able importance, is the re-organisation of the arrangements 
for giving light engines coming from the sheds direct access 
to Victoria Station. Until this improvement was instituted 
all locomotives proceeding from the sheds to the terminus 
had first to pass under the main line, and then, after travers- 
ing an incline which brought them on a level with the latter, 
they were compelled to cross the down main line in order to 
reach one of the up roads over which they ran into the station. 
This arrangement resulted in outward bound trains being 
frequently held up on the bridge to allow of light engines 
crossing in front of them, the only alternative being that of 
keeping the latter waiting and thus incurring the risk of the 
trains which they were intended to haul out of Victoria being 
late in starting All this has been-don&^wav^tk by the 
Digitized by OQOvTC ^ 
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provision of an incline on the same side of the railway as the 
up main line, and by this means locomotives coming from the 
sheds obtain direct access to Victoria by the new engine line 
without its being necessary to cross over any of the through 
roads communicating with the terminus. Of the two lines 
which the new bridge will carry one will be exclusively devoted 
to the requirements of light engine and empty stock, which 
will thus not become intermixed with the regular passenger 
traffic. 

As regards the present condition of the bridge, it may be 
said that No. i, or the North Span, is practically complete 
except for the parapet. No. 2, or North Centre Span, is well 
forward, and Nos. 3 and 4 Spans are also approaching com- 
pletion. It is anticipated that the bridge will be ready for 
testing in about three months time, and it may be confidently 
anticipated to prove an immense boon to the company in con- 
ducting their ever increasing traffic in and out of the West 
End terminus. 



When all is completed the three bridges, viz., those of 
1859 and 1866 and that of 1905 side by side- will have a total 
width of 178ft., and will carry nine lines. The contractors for 
the bridge are Messrs. Mowlem and Co., Ltd., of West- 
minster, the ironwork being sublet to Messrs. Head, Wright- 
son and Co., of Thornaby-on-Tees. 

In conclusion, the writer desires to express his indebted- 
ness in the first place to Mr. Chas. L. Morgan, M.Inst. C.E., 
Chief Engineer of the London, Brighton and South Coast R., 
for permission to view the works, and in the second place to 
Mr. R. E. Synge Cooper, M.Inst. C.E., Mr. Morgan's resi- 
dent engineer, for his trouble in explaining the details of the 
design and construction on the site of erection. 

Thanks are also due to Mr. Morgan for the photographs 
and drawings from which the illustrations accompanying this 
article have been prepared, and also those which will be pub- 
lished in the next issue. 



Fig. 4. — View of No. I or Noiih Span. 



Fig. 5.— View looking South taken from Shore, North bide of River. 
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The Siemens - Halske Power Signalling Plant at 
Antwerp Central Station ; Belgian State Railways. 

Before deciding upon a system of power signalling for Antwerp 
Central Station the Administration of the Belgian State Railways 
thoroughly investigated the matter, and finally decided that the 
Siemens-Halske **all electric" system was the one which best 
suited their requirements. This system is well known on the 
Continent, where several large installations of it have been laid 
down, including quite recently one at the Garedu Nord, Brussels, 
comprising four cabins containing 150, 70, 40 and 40 levers 
respectively. 

The writer is indebted to Monsieur L. Weissenbruch, engineer 
of the Belgian State Railways, for the photographs and drawings 
from which the illustrations have been prepared. 

Fig. I shows a general diagram of the station, fiom which it 
will be seen that there are 10 roads under the station roof leading 
to six running roads, which are connected by two through roads 
with double slips. 

The plant consists of 35 levers for points and 1 7 for signals, 
besides 33 double route levers and 15 spare levers. To have 
accomplished the same work mechanically would have required 
180 levers. 

The plant is divided into what are technically known as 
" fields,*' of which there are three kinds, viz., "switch fields," 
** route fields," and " signal fields." 

" Switch fields " operate the points, and their levers 
are painted blue. The switch lever is normally to 
the right, and is held in position by a notch in 
its frame, there being a corresponding notch for 
the " over " position, which is through an angle of about 80" 
from normal to the left. Below the lever is a small frame with 
two windows, one above the other. Behind the upper window a 
blue disc appears ; if any vehicle be on. the switches a white d'sc 
if the line be " clear." These indications are obtained by means 
of the insulated lengths of track, referred to below. The lower 
window has also two indicators — white and black. White 
indicates that the switches are closed, and correspond with the 
position of the lever, whilst the appearance of the black disc, 
accompanied by the ringing of a bell, indicates that the switch 
motor is moving, or that the switches are run through and 
burst. 

The " route-fields " play a very important part. They save 
many levers, guarantee that the road is properly set before the 
signal is lowered, and also " hold " the road. The lever of a 
" route-field " is painted green, and stands normally in a mid- 
position. It is turned to the left for one route and to the right 
for another route. The releasing numbers — z.^., those of the 
point-levers that have to be "over" to make the route — are 
marked on a plate above the lever, together with the route the 
lever in that position gives. 

Under the "route-lever" is a frame with one window, behind 
which appears either a white or a green disc. The normal is the 
white one, which changes to the green one when the lever 
is moved, and the latter is at once locked and remains so 
until the train has passed over an electrical contact at the end of 
the route. By this means the road is " held." 

The '* signal-field" is for working signals and its lever is 
painted red. It is normally inclined to the right, and is pulled to 
the left to lower a signal. 

A " signal-field " has two windows. Behind the upper one arc 
given three indications. A red disc which is normally shown 
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disappears when the route-lever corresponding to the signal is 
pulled over, leaving the red horizontal bar, which was in front of it 
and which shows up against the white ground behind it, w^hen the 
first disc is withdrawn and indicates that the signal is at danger. 
The red bar is withdrawn leaving the white ground only visible 
when the signal is "off.*' 

The lower window has the same indications, and is for the 
same purposes as the lower window of the "switch-field." It 
shows black when the signal motor is operating and white when 
the signal corresponds with the lever. 



road is set and allow for one signal arm to serve the purpose of 
two or more. 

Fig. 2 illustrates signal E, fig. 1 , for leaving and arriving at 
No. 5 road. The upper left-hand arm is for departure, and its 
lower arm is for shunting out. The upper right-hand arm is for 
a train arriving in the station and its lower arm is for shunting 
in. 

Fig. 3 illustrates the same post with the departure signal "off" 
and the route indicator showing that the road is set for G 
(sidings). 



l-'ig. 2. — Signal "On."' 

The points and signals are actuated by a iio-volt current 
known as the coupling or working current, but this is only 
switched on when a movement is necessary. At other times a 25- 
volt current is available, and this is known as the " controlling 
current." 

A signal lever can woi k any one of a given number of arms 
by the use of an electrical selection associated with the " route- 
fields," and by this means a large number of signal levers have 
been saved. 

A reduction has also been made in the number of signals by 
the use of route indicators. Like Annettes route indicators on 
the L. and South-Western R. they show for what direction the 



^^ig- 5.— Signal '^Off.'' 

It will be noticed, hg, 3, that the arm in the "off" position 
points upward. This is the German practice. It gives a more 
distinct signal, and should an arm drop it does not give a clear 
signal. 

The utility of the indicators' will be appreciated when it is 
stated that each of the three arrival lines can lead to any of the 
ten platform-roads. Yet only one signal is provided. It has a 
screen upon which appears the number of the road for which the 
line is set. 

Each platform is protected by a stop-signal at the end of the 
platform. 

For leaving each platform there is a st 
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screens showing for which the road is set — either of the three 
main-lines or the sidings. 

Lower shunting arms are provided on most of the signals to 
govern shunting operations. 

All facing-points— and practically all the points at Antwerp 
are facing-points — are provided with " Jiidel " facing-point lock. 
No locking bars are provided as the lever working the points is 
controlled by a section of insulated rail adjacent to the points. 
An advantage of this is that any length of rail can be protected, 
whereas the permanent way will often prevent ordinary 
mechanical locking bars being fixed. 

One of the well-known advantages of power-signalling and 
interlocking plants is the absolute guarantee given that the lever 
has done its work, and that the switches are fully over (and bolted 
if facing points), or that the signal is at danger. This is obtained 
by a check lock, which holds the lever in its travel, and its full 



When a vehicle is on the track circuit a magnet in the lock- 
ing frame attracts a lever, one end of which falls against a pawl 
on the point lever and when the lever is attracted by the insu- 
lated rail magnet the pawl is held and the points cannot be 
moved from the position they are in. 

It has not hitherto been considered necessary in other power 
plants to give an "off" indication for signals, but only the *• on " 
or danger position. In the Antwerp installation both positions are 
recorded The " off " indication is useful for preventing a second 
signal to be released, being lowered unless the first is fully " off." 

The points-operating mechanism is illustrated by figs. 4 to 7. 
Fig. 4 is a general view of the apparatus with the cover removed ; 
fig. 5 a view of the motor lifted out of the box. Fig. 6 is a 
sectional drawing of the mechanism, and fig. 7 a diagram show- 
ing the electrical connections. 

The box is supported on two wrought iron brackets project- 



Fig. 4. — View of Apparatus for Operating Switch ; Cover removed. 



movement cannot be obtained until the return indication has 
come, intimating thereby that the purpose of the movement is 
attained, and that the points are over or the signal gone to 
danger. This, however, as we have previously pointed out, 
compels a signalman to " stand by " and wait for the return 
indication, and when six or eight levers are required to be pulled 
over to " set up " a road that this is done more quickly mechani- 
cally than by power. 

In the Siemens-Halske system this objection is removed, as 
the levers are pulled fully " over " and put fully '* back " at one 
stroke, and the switches are detected by other means, which is the 
use of the " route-fields." These are locks in the interlocking 
which are affected by the return current from the points and cause 
conflicting point and signal levers to be locked and consequent 
ones to be freed. The signalman is therefore able to pull all his 
levers over with all possible rapidity, but he may have to pause 
before pulling the signal lever for the current to return from the 
various switches to release the " route-fields." 



ing from the ends of adjacent sleepers and the bottom (outside) 
of the box is not lower in the ground than half the depth of the 
sleepers. 

The points are coupled to the rack a which is operated by a 
pinion d cast on to the underside of a circular plate d'^, on the 
upper side of which there is a projection cchy means of which the 
pinion is driven. The motor by means of the spur wheels /lA^ 
drives the spindle / carrying a tvorm j which drives the worm- 
wheel g. The rim (inside) of the worm-wheel is fitted with a 
friction clutch consisting of a steel band / having its ends 
pressed apart by two bars e e- separated by a stretcher bar // and 
connected by an adjustable spring //-. When the worm-wheel is 
rotated it carries the bars against the projection cc of the pinion 
plate ^- above mentioned. The object of this friction clutch is 
to allow the points to be '* run through" without damaging the 
mechanism. On Continental railways, particularly in Germany, it 
is considered essential to provide for this contingency. 

The edge of the plate ^'- is stepped to form cams, which, as //- 
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J^^g* 5.— View of Motor taken out from Switch Apparatus. 



Fig. 7,— Arrangement of 

Apparatus fur operating 

a Switch. 



J/r^ 
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Fig. 6. — Apparatus for Operating a Switch. 



Fig. 8. ~ View of Apparatus for Operating a Signal. 
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is rbtatedf more tappets attached to vertical spindles IP^ which at 
their upper ends carry switches k k^. The former k brings into 
operation an " economiser connimutator ** in the locking frame. 
When the point lever is moved to the left the interlocking 
is actuated, and a switch — the "economiser commutator'' — is 
moved from contact with one set of springs into contact with 
another, fig. 7, and this switches off the 25 volt controlling cur- 
rent, and switches on the no volt to operate the motor. 

The initial movement of the point motor being given the 
circular plate b^ travefis a certain distance and than moves the 
switch k^ fig. 7. This causes to be sent to the locking frame a 
current which de-energises an electro-magnet, ani its armature 
falling a tumbler is raiseJ that switches the *' economiser com- 
mutator " back to the 25 volt current, which provides sufficient 
power to complete the revolutions of the points motor. 

The switch k^^ fig. 7, governs the direction in which the motor 
shall run, according to the position of the points. 



And an indication of this would be given in the lower window 
under the signal lever in the locking frame, and the lever would 
have to be restored to normal before' the signal could be again 
pulled off even if the magnet at the signal were again energised. 

On the right in figs. 2-3 the signal cabin is discemable. It is 
48ft. 3in. long by 12ft. 9 Jin. wide on the floor of^the signal 
cabin, and the apparatus is fixed at the back so as to give the 
signalmen free access to the windows. 

The cabin has an ornamental exterior to correspond with the 
architecture of the station. No wood has been used in the main 
structure with the objt*ct of reducing the risk of fire. A ce t al 
hot water apparatus has been provided, the furnace being placed 
in a separate apartment on the ground floor so as to keep dust, 
&c., away from the frame, &c. The furnace only requires 
recharging every 13 hours, and consumes 3 kiiogs. (6.6lbs.) of fuel 
on an average per hour during ordinary winter temperatures. 

The power is obtained from three batteries of Tudor accumu- 



Fig. 9. Arnmgement of apparatus for 

operating signal. Coupler current closed, 

signal at danger. 



Fig. 10 
operating 



Arrangement of apparatus for 
signal. Coupler current dosed, 
signal at safety. 



Fig, 1 1. Ammgement ot apparauis 
for operating signal. Coupler cur- 
rent interrupted. 



Detectors coupled to each rail of the points are provided, 
through which the controlling current returns. 

Fig. 8 illustrates the signal mechanism. 

The motor is practically the same as that for a switch. 

Each signal, or each route indicator, if there be more than 
one arm, is provided with an electric clutch. If there be more 
than one that clutch is energised that is applicable to the state of 
the road. 

Fig. 9 shows the clutch a attracted by the electro-magneti 
and consequently when the motor is worked the position of the 
mechanism is as seen in fig. 10, and the upright rod which is 
coupled to the lever b is pulled down. If the road be not 
properly set the controlling current would not enter the magnet ; 
or, if after the signal was "off"" the current were inieirupted (as 
for instance, the points being run through and burst), the magnet 
would be de-energised and the clutch would fly away, and con- 
4iequently the signal would go to danger as shown by fig. xi. 



lators which are calculated to be able to do the work, without 
recharging, for three days. The first of these batteries is the no 
volt for working, and has a capacity of 60 ampere hours ; the 
second is of 25 volts for controlling and has a capacity of 120 
ampere hours, and the third is a battery of 3 cells for track 
circuit. The 6r8t two batteries consist of 60 cells each, and are 
recharged every day by means of a continuous current dynamo, 
of 5 h.p. at full load, supplying a current of 27 to 20 amperes at 
a voltage of i to to 165 volts and making 1,750 revolutions per 
minute. 

The total cost of the installation, including the cabin, was 
2s8,o6ofrs. (;^i 0,320) made up as follows: — Locking frame in 
cabin, 80 fields, 35 point-levers, 17 signal-levers, 33 double-route 
levers and 15 spares, 35,244'5frs. ; 35 point-itaotor mechanisms, 
44,995ofrs. ; 19 semaphores, 67,67 7 'sfrs. ; 21 electric contacts, 
4,836'ofrs. ; 28 insulated and armoured cables, distributors and 
terminals, 38,681 *5frs. ; batteries, &c., i5,S40'5fr8.; insulated 
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rails, and making good, io,b4o*5frs, ; labour, i4,ooo-ofrs.; 
building cabin, 27,ooofrs. 

Fuller details of the various items are given in the descrip- 
tion of the Antwerp Installation, written by M, L. Weissenbruch 
for the Bulletin of the International Railway Congress. M. 
Weissenbruch estimates that the signalling at Antwerp might 
have been done mechanically with two s gnal boxes at a cost of 
io7,c5ofrs. (;^4 302). 

The wages of 9 signalmen (;^42i per annum) are saved, but 
the wages of an electrician, cost of electricity (;^i8), interest 
linking fund on extra capital outlay have to be put against this 
saving and reduce the saving to jCs9 pcr annum. 

Natal Government Railways, 1904. 

' Th^ annual report of the general manager, Sir Davit! Hunter, is 
a lengthy, instructive and fully illustrated document, of which the 
following is a very condensed abstract : — 

The total revenue amounted to ;^i,933»934» as against 
^2,561,552 in 1903, a decrease of 24*50 per cent. The working 
expenditure amounted to ;^i,53i,2io, or 79'i8 % of the revenue, 
against ;^i,79i,io8 or 69-92 % in 1903 (a decrease of 14 51 %), 
and included ;^ 129, 702 expended upon additions and improve- 
ments. The net profit, after deducting interest on capital, was 

There was a decrease of 1 17,212 in the number of passengers 
and a drop in revenue therefrom of ^30,248. The falling-ofT in 
the local traffic was 145,8 6 passengers and ;^4o,42i in revenue, 
but the through traffic increased by 28,674 passengers and 
;^io,i73 9s. in receipts. 

The goods traffic decreased by 280,104 tons and jf 593,082, 
which attests the general shrinkage in the trade and industrial 
conditions of Natal and the Transvaal. 

The coal traffic during the year has shown continuous 
' expansion. The to'.al volume of public coal traffic amounted to 
669^896 tons, being an increase of 163.443 to^^s, but the increase 
in the revenue was only £9,73$. This is due to reduced rates 
for the conveyance of coal, and the rebates upon all coal shipped 
at the port. 

The receipts from Transvaal traffic amounted to 54 % of the 
total in 1903 ; the propoition was 56 %, 

The length of the railways open was 775! miles, excluding 
the section Van Reenen to Harrismith (23^ miles) worked by 
the Natal Railway Aministration for the Central South African R. 

The following table exhibits the yearly results of the working 
of the railways at intervals of ten years : — 

Year 1884. 1894. 1904. 

Capital open lines ;^2,345,946 ;66,o78,489 j^ii, 170,487 

Cost per mile open* 21,874 IS»234 15,004 

Average miles open for traffic 107J ' 399 744J 

Earnings ;{^I43.272 £4^S^S72 ;fi,933»934 

Working expenses I37»279 294,063 1,531,210 

Balance 6,193 i7>>8o9 402,724 

Interest charges 124.284 253,378 385,210 

Net profit or loss 118.092 81,570 17,514 

Working exs to earnings ... 95*67% 63*12% 79'i8% 

Per average mile open — 

Earnings £u3i^ ;fi,i68 ^2,598 

Working expenses 1,268 737 2,057 

Return ... 68 431 541 

Per train mile — 

Earnings 74'59d. 8r42d. lo8'i4d. 

Working expenses 7>'36d. 58*96(1. 85*62d. 

Return 3*23^. 34'46d. 22*52d. 

Passenger journeys ... ... 464*496 649,136 2,717,595 

Goods tonnage 215,706 336,553 l.77i.97» 

Coal tonnage (included in above) Nil. 104*963 669,896 

Train miles 460,977 1,196,824 4,292,028 

* Includes equipmentand excludes cost of permanent way and works of Natal* 
Zululand and Zululand Railways. 

The permanent way material was originally 4olbs. to the yard 
iron rails ; to-day the standard is 781bs. steel rails, shortly to be 
increased to 8olbs. to harmonise with the rails recommended by 
the British Standards Committee. 

The first engines weighed 29 tons, and had a paying load 
capacity over the ruling gradient of 30 tons; the latter has now 
btta inaeased by the latest design of engine to 125 tons. 



The original wagons had a capacity of 6 tons ; the latest 
standard has a carrying capacity of 35 tons, or nearly six times the 
original loid. 

The eight-coupled tender engines designed by the locomotive 
superintendent (Mr. D. A. Hendrie) commenced to arrive in 
October, and at the end of the year 14 were runnii g. The 6- 
wheeled tender engine (Hendrie engine A), which is a modifica- 
tion of the 8-coupled engine, is intended to work the passenger 
train service between Ladysmith and Newcastle, and will be 
capable of taking forward to the terminus the heaviest train 
brought by the 8-coupled engines to Ladysmith. Two experi- 
mental engines of this type are in service. To turn these tender- 
engines 65ft. turntables, worked by electric power, are being laid 
down. 

The Leeds Forge Co. have supplied 190 wagons to the 
designs of the locomotive superintendent during the year, and 
placed in traffic. This type of wagon has a tare of 14 tons 
I cwt. and carries 35 tons. The 10 American wagons referred 
to in the last annual report have not yet arrived 

During the past 10 years practically the whole stock has been 
re-axled, and broken axles are now practically unknown. The 
maximum carr) ing capacity of the 20 ton stock was, as the result, 
increased by 10 per cent., which is a great economical advan- 
tage. 

During the year eighteen 8-wheeled carriages were constructed 
in the carriage shops, and thirte^ sleeping and dining corridor 
carriages were put in hand. 

The work is well under way. The vehicles are being well 
and substantially built, and by « onstrucring them locally, a step 
rendered economically practicable by the remodelling with modem 
machinery of the saw mill, and extended carriage shop accommo* 
dation, it has been possible to spend in the Colony the wages 
involved in the construction of the vehicles, which will see longer 
service than can be obtained fron the imported stock, the latter, 
which have to be shi|»ped in sections, losing to a certain extent 
in stability. With the experience so far gained it seems that all 
future additions to the passenger stock might well be constructed 
in the Colony, but this involves a steady and persistent policy, 
and the granting of funds to carry it into effect. 

The vehicles will be 61ft, long — the size of the new standard 
passenger stock — and will enable a larger number of passengers 
per train to be conveyed than has hitherto been possible. 

Considerable progress was made with the new erecting, boiler 
and machine shops at Durban, and new accommodation should 
by now be available. The new carriage and wagon repairing 
shops were completed and occupied in March, 1904. The 
machinery in the saw mill is now all electrically driven, thus 
further concentrating the development of power in one building. 

The new power house at Durban was brought into operation 
in July, 1904, and at the end of the year was working most satis- 
factorily and economically. It has been demonstrated tliat a low 
class of coal can be burned in the furnaces of this station, and 
this will tend to increased economy, which, combined with the 
centralisation so conveniently obtained by the employment of 
electricity, is estimated to effect an annual saving in the coal bill 
alone of ;^3,5oo. The plant and building have been arranged so 
as to permit of easy expansion when a demand for additional 
power arises, at a minimum expenditure in both capital and 
working costs, and the new power station will demonstrate the 
value of a central power plant. 

The growing employment of electricity suggested the utilisa- 
tion of the power station at Durban to secure greater efficiency 
and economy in the working of the shop and other machinery, 
and after the whole question had been very fully discussed in the 
Colony the matter was finally referred to the consulting engineer 
(Mr. H. G. Humby, M.Inst.C.E.) for the purpose of collecting 
all available information on the subject, and recommending the 
best course of action. He reported upon the utility of electric 
current for the driving of the machinery, and plans were prepared 
by him upon which plant for a modem powdt station was ordered. 
The plant obtained, and now working in a highly satisfactory 
manner, is capable of furnishing a maximum of 900 horse-power^ 
There are five boilers, mechanically stoked, and with the object of 
reducing the consumption of coal to a minimum Green's econb- 
miser for heating the feed-water and cocMltniing plant and super^ 
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heating arrangements was provided. By these various means the 
coal bill has been reduced to 25 per cent, of the previous expen- 
diture, while the power developed has been largely increased. It 
is gratifying to state that the policy adopted has more than 
justified itself, for by the concentration of the production of power 
in one building all successive additions to the machinery of the 
department will be worked at the minimum cost, and the power 
may be applied at any point within a radius of several miles from 
the power stati'm without any further arrangements than the 
leading of the necessary electric cable and the provision of addi- 
tional generating power and transformers.' The power station is 
at present working the whole of the machines in the locomotive 
shops.^. 

The introduction of electric cranes, the maximum capacity of 
which is 35 tons each, has revolutionised the working of this 
shop. 

An experimental steam navvy has been ordered and will 
shortly be employed to demonstrate whether this mechanical 
appliance, which has bten so successfully used in other countries, 
can be applied with advantage in Natal. In view of the many 
works before the department in improving the grades and curves 
on the main and branch lines, it is anticipated that there will be 
ample work for this machine, the working of wh'ch will be watched 
with great interest. As an auxiliary to the working of the "navvy " 
a number of tip trucks are to be built in the railway shops out of 
partly old and new materials. 

The nurseries, inaugurated in 1899 under the charge of the 
late Mr. Coulson, are making continuous progress. The site 
selected was in the vicinity of Inchanga, where the department 
had spare land and a water supply. Mrs. Coulson has been acting 
as the curatrix with eminent success. 

The nurseries despatch young plants to the staff at the various 
stations along the line, and by this means it is hoped, in the 
course of a few years, the station surroundings, as well as the 
grounds adjacent to the houses occupied by the staff, will be well 
laid out with suitable ornamental and fruit trees and their appear- 
ance greatly improved. In 1 900 the plants, &c., sent out num- 
bered 882, but in 1904 the number rose to 7,852. 

The important question of planting hard>*ood trees suitable 
for sleeper purposes has not been overlooked, and the following 
seedlings are growing in the nurseries and will be ready for trans- 
planting in December, 1905 : — Eucalyptus Paniculata (ironbark), 
9,000 ; Eucalyptus Liderophoia, 9,000 ; Eucalyptus Marginata 
(jarrah), 2,000 ; Quercus Robusta (English oak), 1,000. — Total, 
21,000. 

Enlarging and Remodelling Victoria Station ; London, 
Brighton and South Coast^Railway.— II. 

Details of the Roofing. 
In our last issue we published an illustrated description of this 
important work, wihlch is being carried out to the designs of Mr. 
Chas. L, Morgan, M.Inst.C.E., engineer-in-chief to the L , 
Brighton and S.C.R. by Messrs. Mowlem and Co., Ltd., West- 
minster, and which is now nearing completion. One of its most 
important features is, of course, the roof, and of this we are able. 
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by Mr. Morgan's courtesy, to publish full detail drawings, which 
will, we feel sure, be of great value and interest to our readers. 

The illustrations on pp. 261 to 268 are exact reproductions of 
the actual contract drawings to which the roof has been con- 
structed, and as they are fully dimensioned and noted it is quite 
unnecessary to say more about them. 

The roof, it will be remembered, covers an area of about 
eight acres. 

Ferro-Concrete, and some of its most Characteristic 
Applications in Belgium.*/ 



By M. ED. NOAILLON, of Chenee, near Liege. 



Properties and Advantages of Ferro-Concrete. — Ferro- 
concrete is a material which was unknown to the general 
public a few years ago, but has now entered with phenomenal 
rapidly into all branches of constructional work. This 
result is due to its remarkable properties, which may be stated 
as follows : — 

1. The economy rendered possible by its use as compared 
with other competitive systems. 

2. Its resistance to fire, which is now put beyond doubt 
by numerous tests, some made for the purpose and others the 
result of accident. It is moreover the only flexible material 
which possesses this quality of fire resistance; and after the 
results of the disastrous fire at Baltimore it is clear that very 
little confidence can be felt in the use of metallic frameworks 
covered with thin coatings of refractory materials. 

3. It is unaffected by atmospheric action. Concrete is 
from this point of view comparable with stone of the best 
quality and it improves with age. As to the metal built into 
the concrete, it has been proved that it is perfectly preserved 
without loss of weight, and that even if used in a rusty state 
it will recover after some time the bluish tint which it pos- 



Hg. i« Section of Beam 
Hennebique System. 



Stirrup. 

Fig. 2. cdcciion of Beam 
Coignet ^ystem. 

sessed when leaving the rolling mill. This almost incredible 
result is due to a chemical action of the cement and probably 
to the formation of a protective coatinjf of silicate of iron. 
Concrete also resists equally well the effects of corrosive 
fumes and liquids which are feebly acid. It may be used for 
marine works if the proportion of cement etnployed be high. 
4. The ease with which the material may be made to take 

* Read before the Institution of Mechanical Engmeers at Liege 
June, 1905. 
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any desired form. While 
preserving the architectural 
appearance of stone a bold- 
ness in construction may be 
attained which is impossible 
with the latter material. It 
is merely necessary to mea- 
sure the materials precisely; 
an error can be corrected 
during construction and un- 
foreseen details can be im- 
provised. This adaptability 
is specially valuable in deal- 
ing with existing structures. 

5. Its homogeneity, and 
the mutual support which 
neighbouring parts give in 
resisting concentrated loads. 
Joints are no longer weak 
places. Girders which cross 
pass through each other 
without a break. Mono- 
lithic constructions are ren- 
dered possible which are far 
more resisting than others 
to secondary stresses. 

6. Its rapidity of execu- 
tion. The constituent parts 
are merely raw materials re- 
quiring no previous prepara- 
tion, and therefore procur- 
able without delay. The in- 
dividual importance of the 
single parts is negligible, 
thus rendering them easy to 
obtain, transport and erect. 
Night work also does not 
occasion the noise caused by 
riveting. 

7. Its impermeability, if it 
has been ** floated,*' imme- 
diately after construction in 
a careful manner. Under 
such conditions it may be 
used in the construction of 
flat roofs, reservoirs, sewers, 
etc. The monolithic struc- 
ture which is also watertight 
may be produced without 
crack or re-entering angle, 
so that it can be freely 
>yashed down with the hose. 
Such a structure is essen- 
tially hygienic. 

8. Its great rigidity and 
the localisation of the effects 
of shocks. 

General Statements. 

Concrete, — The material 
is an agglomerate of hard 
stones bound together with 
cement. As cement is ex- 
pensive and contracts con- 
siderably it is of advantage 
to use the least possible 
quantity by reducing the 
volume of the voids between 
the pieces of stone. This 
result is obtained by using 
a mixture of materials of 
different sizes such as gravel 
and sand. Moreover, in order 
to disperse the cement with 
great certainty equally 
througjv^tbe;, p^§§^t should 
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be mixed with sand only. In- 
stead of gravel, granite 
chips, the refuse of the quar- 
ries may be used with ad- 
vantage. Although these 
chips cause more voids they 
nevertheless give a tougher 
product owing to their an- 
gular form, which increases 
the adherence. Granite dust 
may also be used instead of 
sand. The choice of cement 
is of the utmost importance^ 
and in order to be quite cer- 
tain it is desirable to use only 
Portland cement of a well- 
5p known brand. 
^ According to the nature (/f 

*^ the work the concrete con- 

tains from 350 lbs. to 700 
lbs. per cubic yard. 

In systems of construction 
I where the metal framework 
^ can carry by itself the whole 
c load and where the concrete 
c is merely intended to protect 

J the metal, to fix it, and to 
•^ hold its different parts to- 
^ gether, then the quantity of 
§ cement may be reduced to 
1 the minimum, and the gravel 
►3 may be replaced by slag or 
tS by coke breeze. 
"5 The concrete is far weaker 

3 than the other, but it is less 

^ expensive, lighter, more re- 
fractory and more sound 

3 proof, and nails can be 

^ driven into it. 

*| Metal — At the present 

.0 time the metal almost exclu- 
-^ sively employed is mild steel 

with an ultimate tensile 
c strength of 27 tons per 

PC square inch. This costs 
g no more than iron, and has 

gj the advantage of possessing 
a greater tensile strength 
^ and a higher coefficient of 

S elasticity than the latter 
g^ metal. 

Round bars are generally 

c used, as they facilitate the 

Q. escape of air and the proper 

£ ramming of the concrete; 

they also possess no sharp 

^ angles which would cut the 

jg concrete, but, on the other 

hand, the round section 

gives the lowest coefficient 

of adhesion for a given cross 

section of metal. 

Centering. — The construc- 
tion of the centering is the 
most important part in the 
employment of structures in 
ferro-concrete. It takes up 
the most time, and seriously 
enhances the cost of the 
work. In the design of the 
centering the contractor has 
an opportunity to exercise all 
his ingenuity; to use wood 
which can be again em- 
ployed, and to avmd cij 
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the wood into short lengths 

and so causing waste of 

material. If vaulted forms 

have to be constructed the 

^ cost of the centering may be 

% greater than that of the 

3 ferro-concrete itself. 

^ Certain systems reduce or 

1 even obviate altogether the 
^ use of centering by fhe em- 
^ ployment of metal work of 
w sufficient strength or pieces 
a of concrete specially made 

2 for the purpose. Mouldings 
J as a rule are roughly formed 
•^ in the concrete by centering, 
^^ and then finished in gauged 
g work; but the latter is adiffi- 
a cult process, for the neat 
H-i cement takes some time to 
tc set and is not sufficiently 
'c plastic. 

rl Deflection. — It is not pos- 

^ sible by a simple examination 
to ascertain the strength of 
*f a finished structure in ferro- 
^ concrete, for the metallic 
•g members are no longer 
.0 visible and their precise size 
^ and position cannot be 
c gauged. 

^ The only method is to 
(Q measure the deflection of the 
g structure under given loads, 
g The results obtained are, 
"5 however, not precise, and 
W useful information can only 
® be gained by comparing 
^ similar structures. The de- 
^ flections of structures in 
^ ferro-concrete are much less 
fg than those which would be 
given by a structure of equal 
strength built of wrought 
iron, for when concrete is 
:2 stressed up to its elastic 
j| limit its deflection is less 
. than that of iron under simi- 
^ lar conditions. 
"^ Principles of Construe- 

^ tion, — Professor Rabut has 
< summed up in the following 
>» six rules the principles 
2 which experience and theory 
2 recommend should be fol- 
^ lowed in the construction of 
5 ferro-concrete buildings : — 
t I. No connections should 

•'3 be made of iron to iron, as 
£ the concrete itself holds the 
S parts together in the most 
►S economical manner. 
'g 2. At least two distinct 

-3 baud, the round section 
I* should be used, the one sys- 
.2 tem to take up the tensile 
^ stress, and the other to take 
^ up the shearing stresses in 
^ the concrete; when it is ne- 
cessary a third system 
should be used to take up 
the compressive stresses. 

3. To so arrange the re- 
inforcement that the separ- 
atejnemb^i^s-{i}a^il)e>stressed 
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in the direction of their 
length, so that the stresses 
produced between the iron 
and the concrete shall be tan- 
gential and not normal to 
the axis of the members of 
the re-inforcement. 

4. To profit by all means 
of increasing the homoge- 
neity of the various parts of 
the structure. This may be 
done by prolonging the iron 
parts of one portion of the 
structure into the thickness 
of the concrete of the adjoin- 
ing portions, at a negligible 
cost; while the construction 
of rigid joints in a metallic 
structure is very expensive. 
>; 5. On the other hand, ad- 
t vantage should be taken to 
'3 the utmost extent of the 
^ homogeneity thus obtained 
S to economise materials. 
J, 6. In view of this homo- 

a geneity sudden alterations in 
cfl the cross section of the parts 
•g should be avoided, as the 
* parts tend to assist one an- 
S other and to distribute the 
.26 stresses, the constitution of 
« ferro-concrete being, so to 
g* speak, democratic. 
*§ The component parts of a 

^ ferro-concrete structure may 
eS be classed under three head- 
1 ings, which the author will 
;S examine in turn. They are 
^ (i) the parts which resist ten- 
g sile stresses; (2) those which 
3 resist compressive stresses; 
^ and (3) those which resist 
S more complex stresses. 
I Parts Resisting Bending 
> Stresses. 

^ These comprise chiefly the 

3 beams and the platform 
^ beams. In the majority of 
^ cases the beam supports a 
o platform which is solid with 
[* it, and can therefore be used 
S as a framework in compres- 
S sion; and this is one of the 
g most characteristic proper- 
ties of ferro-concrete- The 
fc beam is therefore really com- 
5* posed of the rib and the part 
^ of the platform on each side, 
and this has a cross section 
in the form of a T. The 
tension member consists of 
one or of several metal bars 
embedded in the lower part 
of the rib. 

The materials are there- 
fore used in the most 
rational manner, the con- 
crete of the platform is sub- 
ject to compression and the 
metal resists tension; but 
this specialisation of work is 
only possible owing to the 
adhesion of the concrete to 
the metal. In reality there 
are forces tendi 
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duce sliding, and these are 
proportional to the shearing 
forces, and therefore attain 
their maximum value near 
the supports. These forces 
tend to shear the concrete of 
the rib, and are concentrated 
at the contact surface of the 
concrete and metal. The 
mutual adhesion of these 
two materials has a very 
great importance, and it is 
well to bear this in mind. 

Numerous tests have 
shown that in a carefully 
built structure this adhesion 
is not of lower value than 
the shearing coefficient of 
the concrete itself. If, how- 
ever, the concrete be very 
poor in cement, or if it has 
been gauged too dry and in- 
sufficiently rammed, then 
the adhesion may be low and 
the use of bars of special sec- 
tion has advantages, these 
bars having projections 
which prevent all slipping of 
the metal in its concrete 
sheath. Such bars are very 
commonly used in American 
practice. 

It has been stated that the 
adhesion was illusory, and 
that in reality the effect was 
merely due to a high coeffi- 
cient of friction between the 
iron and the concrete which 
compressed it in shrinking. 
But the fact that beams sub- 
ject for lengthened periods 
to incessant vibration, such 
as those in the floors of flour 
mills, have remained sound 
tends to prove that the ad- 
hesion is real and lasting. 
Special tests have always 
given reassuring results, ex- 
cept when they have been 
made upon flat contact sur- 
faces; but this is a condition 
which does not occur in 
practice, and it is probable 
that during setting the con- 
traction of the cement pro- 
duces tangential stresses 
which destroy adhesion as it 
is produced. In the case of 
cylindrical surfaces, on the 
contrary, this contraction 
produces compression nor- 
mal to the axis of the cylin- 
der and therefore favour- 
able. 

Adhesion does not only as- 
sist in resistance to shearing 
stresses, but the variations 
in relative volumes of the 
two materials in contact 
must be considered; these 
variations being caused by 
change of temperature or by 
shrinkage of the concrete. 

Temperature has no influ- 
Digilfe?^,b^Vjlie coefficients of 
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expansion of iron and con- 
crete are practically the 
same. When concrete sets 
in air it contracts, and there- 
fore may produce consider- 
able initial compression upon 
the embedded metal whilst 
being- itself subject to an 
equivalent tensile stress. 

When the concrete sels 
under water the opposite 
eflfect is produced, the con- 
crete expands and puts the 
metal in tension. 
^ It is important that the 

j| shearing strees should 

J neither overcome the adhe- 

ts sion of the metal to the con- 

8 Crete nor shear the rib of the 

^ beam. 

I To fulfil the first condition 

^' it is necessary to form thv 

c metal framework of such a 

g number of bars that their 

M surfaces in contact with the 

•c concrete shall be large 
"^ enough, and in consequence 
the chance of surface slips 
shall be reduced. To avoid 
*^^ shearing of the rib special 
^ stirrup-shaped bars are used 
*g which join together the two 

^ members. It is not correct 

•^ to state that these stirrups 

.2 directly resist the shearing 

B stress. In reality, a piece 

fj which is under shearing 

o stress throughout its entire 

j> length is by that stress sub- 

ject to bending, but the stir- 
g rups have no rigidity and are 

incapable of resisting any 
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ment; as a matter of fact, 
;§ they fulfil the same purpose 

C as the tension bars in the 
:2 web of a lattice girder; the 

m duty of the compression bars 

g is fulfilled by the concrete of 

g the rib. It is therefore ob- 

vious that it is essential for 
the stirrups to be hooked at 
one end to the tension bar, 
^ and that at the other end they 
^ should be solidly imbedded 
? in the concrete platform. 

^ Fig. I shows the transverse 

S section of a beam built on 
^ the Hennebique system and 

^ beside it the drawing of a 

single stirrup. This stirrup 
consists of a flat bent bar 
with the two ends bent in the 
form of claws, allowing it to 
hook itself solidly into the 
floor structure. The use of 
the flat bar in preference to 
the round bar facilitates the 
construction. Fig. 2 re- 
presents a cross section of 
a beam on the Coignet sys- 
tem. Here there is an 
upper iron framework. Ow- 
ing to this it is possible 
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a beam together in advance and to place it in position entire 
while holding it by the upper bar. The attachments are 
made of bars of round iron bent to U section, and the ends 
are twisted together so as to form an elongated ring. Owing 
to the presence of the two frameworks the attachment binds 
the two members together very effectively. The round 
section is better suited to the concrete than the rectangular 
form. 

Another means of resisting sliding consists in omitting 
horizontal bars in tension, and substituting bars fixed 
obliquely in the webs and rising lo the floor structure at the 
ends of the beam. In this manner a beam of variable height 
is obtained approaching more or less closely to the parabolic 
form, that is to say, the ironwork will be subject to a constant 
tension upon its entire length, and the shearing stress will be 
zero, as it is neutralised by the vertical component of the 
oblique tension in the bar. 

{To be Continued,) 



Cape of Good Hope Government Railways, 1904. 

As it has been decided that the reports upon the working of the 
Cape Government Railways shall coincide with the financial year 
— I St July-3oih June— the general manager, Mr. T. S. McEwen, 
has made a report covering the operation of the railways during 
the first six months of 1904, and which states that : — 

The capital as at the 30th June, 1904, was ^26,453,855 
against ^^24,945974 as to the 3i8t December, 1903. 
The financial results were : — 

Total Earnings. 

Passengers and Parcels 

Goods and Minerals 

Vehicles, Horses (ind Dogs 

Livestock 

Mails 

Telegraphs, Miscellaneous . . . 

Cartage 

Hire of Rolling Slock 

Total 

Total Expenditure 
Credit balance 

Interest on capital expendi- 
ture at jQz HS. percent, 
per annum 

Balance 

The net earnings per cent. ... 

Decreased percentagej 

The total train miles w^ere for the half-year 5,476,28 r, as against 
12,701,077 for 1903; the earnings per train mile being 
8s. o'4d. and 8s. 4*7d. and the expenditure per train mile 
7s. S'9d. and 7s. i*5d. respectively, thus showing a decrease in 
earnings per train mile of 4*3 per cent, and an increase of 
expenditure of 51 per cent. 

The gross revenue amounted to ;^2, 199,343 for the half-year, 
being at a considerably lower average than the receipts for the 
year, 1903, viz.: £s*3^9fi6S. 

The only items worthy of note are, that while in second and 
third-class passenger traffic the receipts have dropped 13-8 per 
cent, and 12*8 per cent respectively, the first-class has only 
decreased by 2*6 per cent., and in goods traffic while imported 
grain has been reduced 52-5 per cent., South African grain has, 
on the other hand, shown the remarkable increase of 104-8 per 
cent. 

The falling-off in through traffic with the Orange River Colony 
and Transvaal has been very great, the value of the same to this 
Administration for the six months being only ^631,611 as com- 
pared with ^^1,708,126 for the previous year. This is mainly 
attributable to a shrinkage of trade, although the diversion of 



1904. 


1903. 


Half-Year. 


Full-Year. 
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732,710 


1,631,001 


1,299,681 


3» ^99,738 


23.333 


68,613 


38,040 


127,069 


18,018 


30*724 


30,770 


61,213 


47.3 >4 


105,083 


9.477 


6,427 


'.199.343 


S.3J9,868 


2,050,999 


4,522,590 


'48,344 


807,278 


486,722 


923,001 


338.378 


^ii5»723 


;^i 2S. 7d. 


£3 4S. 9d. 



£2 2S. 2d, 



traffic to Delaeoa Bay has undoubtedly decreased the volume 
dealt with at Cape Ports. No sudden or considerable increase of 
revenue is anticipated, but a steady improvement, as the result of 
the ameliorated labour conditions in the Transvaal, admitting of 
a large increase in the number of stamps at work, and the 
replacement of surplus stocks, which must be nearing exhaustion, 
is hoped for. 

It was not until after the close of the period under review that 
the Government took decided action in the direction indicated 
in the last report as being necessary to equalise revenue and ex- 
penditure, viz. :— (a) Reverting in local traffic to the goods rates 
which were in operation prior to June, 1903 ; (If) withdrawing the 
81 per cent, temporary allowance to daily paid men ; (c) deduct- 
ing, temporarily, from the salaries of officers an amount equal to 
half the special increase granted by Parliament for the financial 
year 1903-04 ; and it is strongly recommended that the position 
taken up in respect of local rates in September last, and of wages ' 
in October last, be adhered to until . the financial results warrant 
greater facilities being granted to the public and increased emolu- 
ments to employes. The slightly increased revenue per month 
since the beginning of October, and the reduction in working 
expenses have placed the railway finances on a comparatively 
satisfactory footing. 

The unreruunerative character of the branch lines working 
may be gathered from the facts that 1,074 miles of branch lines 
(out of a total mileage open of 2,562) were worked at a loss of 
;^4,309, or, including interest on capital outlay, of ,^180,439, or 
more than half the total deficit. 

Comparing the expenditure with the work done it appears 
excessive, and to a certain extent this is the case, as the heavy fall 
in revenue could not be met by immediate curtailment of works ; 
moreover, the Government policy of retaining a large surplus staff 
was of course disastrous from a railway point of view, although 
beneficent and fully justified as a national measure against adding 
to the large number of unemployed in South Africa. 

The sum expended on relaying and regrading and on redemp- 
tion of rolling stock has been at practically the same rate as 
during the previous year, and when applied to the average rate 
per train mile upon a considerably reduced mileage has the effect 
of increasing the average cost. These exceptional charges to 
revenue represent no less than 1 1 '6 per cent, of the entire working 
expenditure, or, in other words, add 10*4 pence to the cost per 
mile. The details of the expenditure per train-mile are as 
under : — 



Maintenance, way and works 

New works • 

Relaying and regrading 

Locomotive charges 

Carriages and wagons (repairs and 

renewals) 

Additional rolling stock, workshops, 

steamsheds, &c 

Traffic expenses 

Compensation 

Cartage 

General charges 

Harbour tonnage allowance 

Telegraph maintenance 

Schools 

Sick fund 



1904 
Half-year, 
s. 

I 



d. 
2*0 
1*3 
4'9 
5'2 

8-1 

5*5 
71 
I '5 
19 

2«0 
10 

05 
0*1 

0-8 



1903 

Full-year. 

s. d. 

1 0-8 
o 1*6 
o 4*1 

2 7*0 

070 



4-8 

4*9 
I '4 
1-8 

1-5 
1*3 
0*4 

0'2 
0-7 



7 59 ^. 7 1-5 

Every endeavour was made to reduce expenditure by gra- 
dually curtailing the outlay on extra works, and not filling up any 
vacancies which could possibly be avoided in the staff. Whilst 
this policy was not in accord with that recommended in the 
report for last year, from the railway point of view, there is no 
doubt that the action of the Government in not adopting a 
drastic retrenchment scheme greatly mitigated the hardship which 
would otherwise have been more severely felt, but witn a financial 
result to the railways as indicated in this report^ 
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Working and maintenance has been charged with jC2iS57,79S 
divided as follows .-—Additional rollirg stocK, etc., ;£i, 2 13,938 ; 
relaying and regrading, ;;^742,o4i ; new and additional works, 
;;^. 60 1,8 1 6 ; while in the corresponding previous six months only 
;^3 16,829. 

. The figures given in the following statement show the com- 
parative consumption and cost per train mile during 1903 and 
January to June, 1904 :— 

1904 1903 

(Half-year) 
Consumption per Consumption per 



Western System : — 

Welsh Coal 

Welsh and Viljoen's Mxd. 
Midland System : — 

Welsh ad Viljoen's Mxd. 
Eastern System : — 

Welsh, Siormberg and 
Viljoen's Mxd. 

Indwe 



lbs. 



68-59 
63*94 



train 

mile 

d. 



lbs. 



66-24') 

1) 



train 
mile, 
d. 



10-57 67-97) 13 01 



80-32 12-33 74-45 1397 



( 



I5'22 



126-58 



17-01 



. 119-86 . 

. 125-07 ) 122-31 ) 

The mileage worked with the Welsh coal included a much 
larger proponion of light, shunting and other engine mileage to 
train mileage than was the case when mixed coal was used. 

The satisfactory results obtained from borings for water have, 
in a measure, neutralised the effects of the continual drought. 
The quality of the water for locomotive purposes is not always as 
good as could be wished, and, where the consumption is large 
and the water deleterious in its action on the boiler tubes, 
arrangements have been made to make a trial of the Mirrlees 
Watson distilling plants. Three sets have been indented 
for, and one is now in use at Noblesfontein with satisfactory 
results. 

To stimulate the production of Colonial wood sleepers, and 
to assist the wood-cutters of Knysna, who were represented to be 
in a deplorable state of poverty, the Department of Agriculiure 
and this Department jointly agreed to. offer a bonus of 5d. per 
sleeper for every 100 sleepers delivered, and it is anticipated 
that this will somewhat increase the supply, but, for many years, 
ill fact until the forest plantations started by the Department in 
1902 can be relied upoti for a regular output of well-matured 
timber, we shall be almost wholly dependent upon the imported 
article. 



During the half-year 26 fatal accidents as against 89 for the 
year 1903. On the suburban line the continued reduction in the 
number of accidents is very marked, the figures being 15 for the 
half-year Januar>' to June, 1904, as against 45 for the same period 
in 1903. 

Tyer's Tablet Instruments are now in working on 46 sections 
of the line, and others are still being installed. The introduction 
of these instruments has resulted in a considerable saving in time 
in the crossing of trains, and at the same time greater safety is 
ensured. 

During the half-year 46m. 72chs. of new railways were opened 
for traffic, but they have not had any marked effect on the 
revenue, and up to the 30th June, 1904, they had not paid their 
working expenses. 

The construction of these lines may possibly be justified from 
the point of view of developing the resources of the country, but 
from the railway standpoint, financially speaking, they will prove 
a heavy charge on the revenue. This will also apply to several 
lines now under construction. 

With the policy of extending the advantages of railway com- 
munication when it can be justified, Mr. McEwen is entirely in 
sympathy, and, whilst strongly recommending adherence to the 
3ft. 6in. gauge, he is of opinion : — 

( 1 ) That such developing lines should be constructed in the 
first place as cheaply as possible, following more or less 
the surface of the ground, and finished so as to adipit of 
trains being run at a speed of from 8 to 10 miles an hour; 

(2) that the ratepayers ot the district through which the line 
passes should guarantee to make up the los^t. or a portion 
of the loss, on working. This proviso is suggested so as 
to prevent the reverting to ox-wagon haulage after the 
line is built, as has been the case in heveral inbtances, and, 
where it has not actually been put into practice, the 
suggestion has been made so as to induce the Depart- 
ment to reduce its rates ; 

(3) that the line should not be fenced ; 

(4) that a developing line shall not be constructed unless 
land for stations, sidings aid all other railway purposes be 
granted free togeiher with the right to bore or sink for 
water, which can be taken without charge. 

It is very soon forgotten how much the land is increased in 
value by the construction of a railway, which in many cases is 
followed by a strenuous effort being made to make the depart- 
ment pay up in every possible way. It is also as well to point 
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Out that before the opening of a line the rates are generally abont 
300 per cent, above what ihey are even at developing railway 
rates. 

In other countries a grant of land is made to the company 
who construct a line such as indicated, so that the latter may 
share in the appreciation in values later on, but this may not be 
considered feasible when Government takes the work in hand. 

Conditions on the lines indicated would lead to many more 
railways being made, as the general taxpayer would recognisethe 
fact that every effoct had been made to protect his interests, 
which are virtually the interests of the country. 

The catering has now been performed by the Department 
for about 18 months, and it is satisfactory to find that the 
experiment has proved a success, in so far as it has tended to 
increase the comfort of the travelling public, at comparatively 
speaking a slight monetary loss on the six months' working. This,, 
however, may be due in a great measure to the general depres- 
sion, and will disappear when times improve, although, with the 
restrictions imposed on the Department by the Government 
in the conduct of its catering business, a large profit can never be 
expected. 
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Fig- 3 Transverse Stall Partition, Horse Car, Central R R. of N. J. 



Fig. 2. Framing of Horse Car, Central Railroad of New Jersey. 



60 ft. Horse Cars. 

The Central R. R. of New Jersey has recently built at their 
works at Elizabeth port to the designs of Mr. Peter Mcintosh, 
superintendent of motive power, some large and well-arranged 
cars which can be used either for baggage or for the transport 
of horses. They arc particularly intended for dealing with 
** rushes " of horse traffic which occur at certain seasons of 
the year. It will at once be noticed that the divisions and 
stall partitions are not padded with the care which is customary 
in this country. When the car is being used for baggage 
the divisions are swung back against the side of the car. Fig. 
I shows^ the plan and elevation of the car, which has three 
doors on each side. The car is divided into five compartments 
by means of the cross partitions, fig. 3, which are really two 
gates hinged to the sides of the car. The narrow one is for 
the attendants to pass through. These gates lift on their 
hinges and are stepped into the floor. Iron tracks are let 
into the floor for the divisions to travel on. 

There are two divisions which enable 5 rows of horses to 
be stalled with their heads facing the spaces between the side 
doors of the car. 

The stall partitions, fig. 4, between the horses are slung by 
iron straps from T irons which stretch across the car between 
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the cant rails, and which is a permanent fitting*. These T 
irons have holes so that the stall partitions may be secured by 
pins in positions suitable for from one to four horses. 

In order not to reduce the width of the car sliding side 
doors were not fitted, but hinged folding doors (as shown by 
fig. 5) secured by bolts. 

The stalls are closed by breast bars which, when not in use, 
are carried in pockets on the roof (inside). They are secured 



Fig. 5.— Folding Side Door, Horse Car, Central R.R. of N.J. 

to the car by a chain so that they cannot get lost or be taken 
out and used for any other purpose. 

The car is ventilated by 5 windows on each side, protected 
by wire gauze and provided with a glazed sliding sash, and 
protected inside by vertical iron bars. 

Fig. 2 shows the framing, which is similar to that adopted 
for ordinary baggage cars. 

The car has a capacity for 20 horses. 



Recent Patents relating to Railways. 

These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C., 
from whom copies of the specifications can be obtained at an 
uniform price of M, each. 

Locomotives, igg, 4th January, iQOj, C Hagans^ 40^ 
Karthauserstrasse^ Erfust, Germany, 

The bogie frame a is pivoted to the main frame/ at the point Ik 
and is guided by the hollow axle or hub r. In this hollow axle 
is arranged the core axle c supported in the main frame, with its 
coupling pins //driven from the coupling pins/of a coupled or 
driving axle g by means of coupling rods e. The axle g, if it be 
a coupled axle, as in the constructions illustrated, is either driven 
direct from a driving axle /r, or through a coupling axle / by 
means of coupling pins h\ h^ and coupling rods k acting on the 
pins/^ of the axle g through coupling rods /. In the latter case, 
PI m are the cranks driven from the cylinder. The end axle 
constituted by the hollow axle r and the core axle c moves the 
axle g laterally by means of the bogie frame a. The core axles c 
are either not movable laterally, or only movable in rectilinear 
direction to a very small extent, or are laterally movable, in case 
of large bends, in a circle having a radius equal to the length of 
the coupling rods. The movement of the coupling or driving 
axles ^ is in most cases so small that the clearance in the axle 
bearings and coupling pin bearings of the coupling rods k and / is 
sufficient to equalise the length alterations of the coupling rods / 



produced by small deviations of the axle g. In the construction 
shown in figure i, the axle^, coupled to the coupling axle r, of 
the bogie a, is arranged in the main frame between the axle c and 
the pivot /> of the bogie. It is provided with neck bearings ^s^^ 
enclosed by a bearing ;/ on the bogie a. The deviation of the 
bogie a is transmitted by the bearing n to the agle g. The move- 
ment of the axle g takes place, therefore, in the construction 
shown in figure 1, in the same direction in which the bogie is 
turned. In the construction shown in figure 2 the bogie is 
extended beyond its pivot /^, and carries a claw or head fl^- 
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engaging between collars or projections o in the axle bar (^^ of the 
axle g coupled to the axle c. When the bogie a turns the axle g 
is therefore moved laterally about the pivot ^, but in the opposite 
direction to the bogie. In the construction shown in figure 2 
the core axle c instead of being supported in the frame /, as 
illustrated in fig. i, is mounted in the well-known manner in a 
system of rods pivoted at one side to the main frame and guided 
on the other hand in a cross bar in the bogie. Instead of the 
bogie frames a Adam's axles or hollow axles r, mounted like 
Adam's axles, as shown in figure 3, may be used. {Accfpted 
22tid June^ igoj) 

Couplings, Automatic. SA06, isth Marchy igos* J 
Darlings <?, Jedburgh Avenue, Huthtrglen^ Lanark, 
Relates to an improvement on the prior patent No. 3,277"'*. The 
rod g in the present invention runs along the upper side of the 
drawbar^ and is provided with one projecting pin or tooth /with 
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which the pawl engages. The inner end of the rest or support 
r for the coupling links is slightly rounded or bevelled to ensure 
the links after an uncouplmg is effected falling into proper 
position. The coupling links / are made slightly tapered 
towards their other end /^ ; also slightly bevelled or angled 
laterally /- and are of square or flat section or surface, the under- 
side of the outer end being provided with a toe-piece q slightly j 
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bevelled or angled P to engage with and run along the side of 
the lower link, and so act as a guide to the links in coupling. 
The mode of coupling is similar to that described in the prior 
patent, namely ; when two waggons are brought together the 
coupling link / on one waggon comes in contact wiih the hook 
^on the opposite waggon, ami the toe-piece q slipping over the 
front of the link engages with the side of it and so acts as a 
guide for the links in coupling. From the peculiar shape of the 
hook e the coupling link raises it until the point of it slightly 
projects beyond the end of the link, when the hook by its own 
weight falls, when it becomes engaged with the link and is held 
there and the coupling is thereby effected. When it is desired to 
uncouple the handle / on either side is slung or thrown over so 
that the pawl o engages with the pin or tooth / and so holds the 
rod ^ in a fixed position. The pull on the vehicb raises the hoDk 
e out of engagement with the hnk which then falls on to its rest 
or support r. {Accepted 2gfh Jufie^ ^903)- 

Crossings. — 19,172. ^th September, 1904, R. H, Pierce 
and G. Z>. Westropp, Rajputana-Malwa Rainvay, AJmere, Raj- 
putana^ India, 

The crossing consists of a short length of a single rail A, centrally 
pivoted on a vertical pin B which passes through a substantial 
bed-plate C and which pin is securely fixed in an under plate C- 
countersunk in a central sleeper, the bedplate being securely 
fixed to the sleepers D. The pivot-rail working on its vertical 
pivot pin B is moved so that ts ends are made to coincide and 
abut against the main line rail E or the siding rail F upon which- 
ever it may be desired to transfer the train, by operating the 
shunting points and pivot-rail simultaneously with the switching 
apparatus and locking the same when in position. The switching 






gear consists of lever G working on its pin H in casing I which 
actuates rod J, bell crank K^ working on its angle pin K* actuating 
points rail Z through points rod L, the forward end of lever rod J 
being connected to the double bell crank M swivelling on its 
centre pin N, which actuates tension ties O pinned to the outer 
ends of links P, the inner ends of which are connected to the 
pivot-rail A. The locking gear comprises a lever Q, bell crank 
levers T, V, connecting rods S, U, W, and arms X, Y carrying 
locking bolls K/ which engage with curved locking chairs 
U*, V^ or W\ X^ {Accepted 22fidjune^ ^903.) 

Slipper Brakes. I3y8g3, iSth July, 1904, R. J/. 
Wilkinson^ 207, JVindsor Road, Oldham^ Lancaster. 
In a slipper brake for railway or tramway vehicles the shoes i are 
provided with arms 3, movable vertically in guides 4. and are 
pressed towards the rails by sprmgs 8. The arms 3 are 
connected by rods 10 to a U-shaped lever 11 pivoted on the 
truck 6, and connected at its middle by rods 12 to arms 13 fixed 
on a transverse shaft 14. A long arm 16 on the shaft 14 is 
connected by a rod 17 to a pitch chain iS, passing round a 



toothed wheel 19 and an idle wheel 20. The wheel 19 is loosely 
mounted on a shaft 21, but can be locked to the shan't by a clu»ch 
23. In order to raise the brake blocks a spindle 26, carrying a 
worm, and operated by a handle or wheel, is rotated, and acts 
through worm gear on the shaft 21, which rotates the wheel 19 
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and by means of the connecting rods and levers raises the arms 
3 and blocks 2. When it is desired to apply the brake with full 
force instantly in an emergency the clutch 23 is disengaged from 
the wheel 19 by means of the foot levsrr 27, and the wheel 19 
being then free to rotate on the shaft the pull on the connecting 
rod 1 7 is released, and the springs 8 instantly press down the 
blocks 2 with full force on the rails independently of the brake 
handle. {Accepted 8th June^ ^905) 

Axle Boxes. 10,199. 13th Ma\\ 1903, J. S. Patttn^ 
102, East Lexington Street, Baltimore City^ Maryland^ U.S.A. 
This invention consists in forming the dust guard of an axle box 
from a single board or plate provided with an aperture to fit the 
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axle, and fixing spring strips or wires in the board by bending their 
ends. The spring strips are arranged to bear against one side of 
the guard recess in the axle box and press the board or plate 
against the opposite side. {Accepted 29th June^ 1903.) 

Axle Boxes. 3,872, 24th Febrvary, 1903. H. Green, 
24, Afaesteg Road, Tondu, Brigcnd, Glamorganshtre. 
Consists in constructing the axle box with a removable back B, 
which is secured by bolts K, and overlaps the body of the box at 
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FF to form the inrier sides of the guide channels. When the 
back is detached the axle box is freed from the guards and can be 
readily removed. {Accepted 8th June, 1903.) 

Switch Point Levers. 16,142. 21st July, 1^04. L. W. 
Williams and O. R. Wiliams, Railway Appliances H^orks, 
Cathcart, Renfrewshire. 

A bell crank lever a, a* is mounted on the upper part of a vertical 
pin b, the arm a, which is jointed to ihe switch connecting rod d, 
being acted upon by a strong helical spring coiled round the pin 
b. The box or hou:»ing frame A is mounted between parallel 
wooden or other planks C, to which it is bolted, and cast in one 
with it is an underhung bracket or casing B to receive the vertical 
pin b and helical spring r, and also a pocket chamber B^ in 
which the operating handle or lever D is fulcrumed on a pin ^\ 
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both the bracket 6 and pocket chamber B^ being located below 
the surface or ground level. The handle D, when used to 
operate the bell crank lever a, a\ acts on the free arm a} of the 
latter by moving through a slot A^ in the housing frame A, ind 
when the switches are run through trailing-ways the handle D 
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remains still, consequently the usual bumping and clatter is done 
away with, and the spring c instantaneously forces the switches 
back to their normal position. The cushioning action of the 
spring c preserves the adjustment of the connection and greatly 
reduces the wear of the switch blades. {Accepted 8th Juue^ 
1905) 

Sand Distributors. 5373, 14th Ma'ch, 1^5, S, Leech, 
130, Park Road, Loughboro\ Leicester, 

7he sand distributing apparatus illustrated comprises a sand con- 
taining hopper I, a combined hopper carrier and valve guide 2, a 
valve plate 3, a funnel 4, and a valve 5. The funnel 4 is rectan- 
gular in plan, and is provided along two of its edges with 
flanges 4^, 4^ that are of such a size as to rest upon the portion 
of the floor or frame plates 6 of the vehicle or engine that sur- 
rounds an opening 7, through which the funnel extends. The 
two edges of the funnel that are unprovided with flanges have 
recessed portions 4% 4**. These recessed portions serve as a seat 
for the valve plate 3. This valve plate 3 is of a greater width 
than the funnel by an amount that is equal to the thickness of two 
of the walls of the combined hopper carrier and valve guide 2, 
but the plate is not of such a size as to cover the whole of the 




top of the funnel when in position. Communication between the 
funnel and the interior of the comb ned hopper carrier and valve 
guide is possible, and as the valve plate 3 is arranged centrally, 
openings 8, 9 are form^^d between two of the sides of the plate 
and the adjacent portions of the funnel. The depth of the 
recesses 4% 4** is such that the top of the valve plate when in 
position will be flush with the top of the funrel. The combined 
hopper carrier and valve guide 2 comprises a body having four 
vertically arranged walls that have at their upper ends inwardly 
and downwardly inclined flanges 2*, 2'', 2% 2** that form an 
inverted truncated body. The valve 5 is provided with eel s, 
such as 5^ 5% which are alternately filled with sand and then 
brought over the openings 8, 9 to discharge into the funnel 4. 
{Accepted 8th Jnne, 190^.) 

Brakes (Wagons). 18,614. 27th August, 1904. /. 
Gouldie, The GUI, Brayton, Cumberland, 

This inve gUop relates to an either-side brake, in which the 
operaO"*^**™"^-^ arranged to set and release a spring which 



presses the brake blocks on the wheels. The brake blocks a a\ 
are connected by links b b^ respectively with arms c c^ extending 
upwardly and downwardly from a bleeve d which is loosely 
mounted on a transverse shaft e journalled in brackets e^ under 
the waggon body. To an upward extension ^ di the arm c is 
fastened one end of a spring / the other end of which is 
adjustably secured to the waggon as by means of the bolt and nut 
attachment g. The spring / being under tension will apply the 
brakes when a detent is tripped by movement of the brake 
lever. Brake levers h h^ are arrarged to operate the transverse 
shaft e either by being keyed direaly to h, or, being pivotted on a 
supporting bracket by means of a pin and slot connection 1 with 
an arm fixed to the shaft, which may be an exteision of the 
fellow lever on the >ame S'de of the wargon. The spring/is set 
or released by any of the brake levers, a pin or clutch k keyed on 
the shaft e being arranged to engage the loose sleeve </ so as to 
retract the brake b ocks against the ten>ion of the spring /when 
the brake lever is moved upwards to the ofl* position. In this 
posuion the spring is held by a detent m which is pivotted on the 
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waggon frame and urged by gravity or a spring into engagement 
with the end of the arm c^. When the brake lever is moved to apply 
the brakes the detent m is tripped by the engagement with it, or 
with a suitably shaped block mK of an arm n projecting upwardly 
from the shaft e or from the operating lever, thereby allowing the 
sleeve d to turn on the shaft e and the brake blocks to be urged 
against the wheels under the action of the spring/ A further 
downward movement of the brake lever increases the pressure of 
the brake blocks on the wheels by direct leverage, the clutch h 
being arranged to engage the sleeve d for this purpose, while 
preferably allowing a certain clearance or lost motion between 
the two positions of engagement to enable the brakes to be 
applied by the spring. {Accepted 2gthjune, 190^.) 



SPECIFICATIONS PUBLISHED. 



A.D. 1904; 

10558. Railway signalling. Sykes. 

13455. Coupling (automatic). De Castro. 

13709. Automatic elecurical signalling apparatus. Algeroon Haoio 
Binton and Robert Percy Brousson. 

141 59. Signalling systems and apparatus therefor. Crossmann, Despons 
and British Pneumatic Railway Signal Co., Ltd. 

14163. Moveable overhead frogs or switches for electric railwmys and 
tramways. Merz and Redman. 

14200. Means of raising and lowering railway carnages and othet saah 
windows and shutters. Williams. 

14224. Train tablet and like systems of signalling on single line railways. 
McKenzie and Holland, Ltd., and Evans. 

14368. Couplings (automatic). Ibbotson. 

14792. Electric railways on the surface contract system. Rothwell. 

15895. Brakes for railway or tramway vehicles. Wilkin^n. 

161 10. Electro-magnetic mechanism particularly for use in railway 
signal apparatus. Briti»h Thomson-Houston Co., Ltd. (General Etecuic 
Co.) 

Levers for workiiig switch points. Williams and Williams. 
Stopping place indicators for electric tramcars and the like. 



16142. 
16851. 
Wright. 
1 7020. 



Emergency device for railway vehicle and like brake and 
British Thomson- Houston Co., Lid. (General Electiie 



controlling systems. 
Co.) 

17632. Means for operating the points of electric tramways and the liVe« 
and also overhead points or trolley switches. Norris. 

18226. Means for fastening railway carriage doors and other doors, 
Gilbert horpe. 

18614. Brakes for trucks and other vehicles. Gouldie. 

191 72. Railway crossings. Pierce and Westropp. 

27649. Rail-joints for collieries, quari * 
Bell. 
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A.D. 1905. 

53« Aqfo ma ricaUy controUtng the locks of railway carriage doors. Cart- 
Udt^ and Majr« 

199. Locomotives. Hagans. 

1396. Rail ties or sleepers. Siferd. 

1435. Rail joints. Lang. 

1589. Electric train lighting systems. Union Electridtais-Ges. 

1912. Electric railwajr system. Kinsman. 

2289. Audible signalling apparatus. Kay. 

2^32. Car couplings. Janney. 

3872. Axle boxes. Green. 

49S4- Simoltaaeous locking of doors of railway carriages. Dewhurst» 
Moore and Griffiths. 

$373* Apparatus for distributing sand beneath the wheels of locomotive 
engines and oiher vehicles on railways and tramways. Leech. 

5406. Couplings (automatic). Darlinj;. 
10199. Dust guards for axle boxes. Patten. 



Meohanioal Stokers for Locomotives. 
At the recent convention of the American Master Mechanics* 
Association there was a topical discussion upon the use of 
mechanical stokers for locomotives. It should be read with 
interest by locomotive engineers in this country, where 
mechanical stoking for locomotives is not, to put it mildly, 
thoitght much of and where the experiments made so far have 
not been successful. In America mechanical firing for loco- 
motives has become a necessity, but while that stage has not 
yet quite been reached it cannot be denied that there is much 
agitation for higher wages for working the large modem 
engines; firemen say that the physical labour cannot be done 
— *• at the price," and this seems to be admitted by the fact 
that for many of the long fast non-stop runs the men are paid 
double or time and a half wages. 

The ** Victor " stoker referred to by Mr. Garstang was 
shown at the Railway Appliances Exhibition in connection 
with the recent International Railway Congress at Washing- 
ton, and we are told it attracted considerable attention. Mr. 
Wm. Garstang, superintendent of motive power of the Cleve- 
land, Cincinnati, Chicago and St. Louis R., who opened the 
discussion, is reported in the American Engineer and Railroad 
Journal as follows : — 

** The question of a scientific method of firing locomotive 
engines is not of recent origin. It has always been uppermost 
in the minds of the management of railways, as is evidenced 
by the fact that some companies have offered prizes of various 
kinds for the most efi[icient and economical firing, and this, 
too, in the day of the small engine, whose grate area did not 
exo^ 30 sq. ft., with a maximum steam pressure of iSolbs. 
If it was a question then, how much more important it must 
be to-day with 50 sq. ft. of grate area and a steam pressure of 
20olbs. or more. 

** Two hundred pounds of coal is an enormous quantity to 
burn per square fool of grate in an hour, but it can be done, 
and this would mean that with a grate having 30 sq. ft. of 
surface, the consumption of 3 tons an hour. This implies a 
shovel of coal every ten seconds, and we believe this is as much 
as the ordinary man can do. If we obtain, by compounding 
or superheating, more steam from 3 tons of coal, we have in- 
creased the capacity of the fireman, but who can say how long 
it will be before we must further increase the size of our 
engines and consequently the capacity of the fireman, the latter 
now admitted to be up to the limit. 

** Ten years ago the most of us thought the maximum size 
of locomotives had been reached, when a spurt followed and 
the locomotive grew rapidly. Has the limit yet been reached ? 
The engine having grown to such proportions in the past ten 
years, it is pertinent to ask, has the fireman also grown in that 
time? Experience says * No.* An engine with 50 sq. ft. of 
grate surface, burning 20olbs. per hour per square foot, will 
consume 5 tons per hour, and if you get a fireman with suffi- 
cient physical endurance to handle 5 tons of coal per hour on 



an engine scheduled 45 (or 50) miles per hour, as they are to- 
day, he will very likely fall below the requisite in brain power, 
and, of course, be an inefficient fireman. This we all know 
from experience. So it seems our engines have passed the 
limit of human endurance in the matter of efficient firing. 

**A young man thinks he would like to fire a locomotive; 
he makes application for the job; he goes with the foreman 
to look over an engine, and the enormous size of the boiler fills 
him with dismay, and he goes into some other business. This 
means that the work on the big engines is more of brawn than 
of brain. Some will say : * That is all you need for a fireman. * 
But where are our drivers to come from ? Surely they must 
be men of * head,' now more than ever, when speeds are high 
and trains are heavy. This employment of * coal heavers ' 
for the left-hand side of the engine will surely be felt before 
long on the right-hand side, when promotions must be made. 
** They say : * Necessity is the mother of invention.* It 
seems to have been so in this case. I presume someone, seeing 
farther ahead than most of us, thought : * Why won't an auto- 
matic stoker work as well on a locomotive as on a stationary 
boiler?' To think was to act, and we now have a practical 
mechanical fireman that is going to revolutionise the grade of 
men who enter the firing service and eventually become engi- 
neers. Instead of the * horny-handed son of toil, ' with a back 
like a horse, who must work like a coal heaver for ten or 
twelve hours continuously, we will have a set of men of greater 
intelligence — men whose heads will guide the stoker and con- 
trol it — men who will not sit idly in the engine cab b^ any 
means, but who, though busy, will not be continually 'frizzled* 
back of the open fire door, with their eyes blinded so that sig- 
nals cannot be properly interpreted; but who, through intel- 
ligent operation of the stoker and careful watchfulness of the 
track and signals, and who coming in from a trip are not so 
tired out that they cannot study the rules and regulations and 
prepare themselves for advancement, will make a hi^h grade 
of locomotive drivers when advanced to that position, and 
which will gradually mean a continuous elevation of both the 
men and the service. 

** Now, as to the stoker in actual service. It has been 
four years since the first mechanical stoker was tested on a 
Big Four engine. About six months ago we installed a 
mechanical stoker, known as the * Victor,' on seven of the 
largest passenger engines on our system. Four of these 
engines have wide fireboxes and three have the long, narrow 
firebox. Both styles of firebox have been fired satisfactorily 
by the Victor mechanical stoker. From advices we receive 
from the division ofllicers, we can safely say there is a notice- 
able saving in the amount of coal consumed per car and engine 
mile when operated with the stoker in comparison with hand 
firing, but at this time we are not prepared to state the exact 
per cent, of such saving. The same advices indicate a reduc- 
tion of boiler work, on flues, staybolts and firebox seams, 
which, in our opinion, is due to the fact that we are enabled to 
carry a lighter, cleaner and more uniform fire, as well as uni- 
form boiler pressure. 

•' During the six months in which these stokers have been 
in service the cost of their maintenance has been very light. 
The principal cost of maintenance is largely due to improper 
lubrication. What few failures we have had with the stoker 
are due to the same cause. 

** In conclusion, I will say it is my opinion the mechanical 
stoker for locomotives has come to stay. 

First — Because it is practical and efficient. 
Second — We believe, by the adoption of the mechanical 
stoker the railway companies will be enabled to use a 
cheaper grade of coal than can be used in hand firing, re- 
sulting in a great reduction in their fuel bills. 

Third — It will relieve the fireman of some of his most 
arduous labour and give him greater opportunity to observe 
signals while on duty, and he will arrive at the end of his 
run in condition to improve his chances by study for promo- 
tion to the position of driver." 
Several other important speakers followed, all more or 
less testifying that the problem of spreading the coal mechani- 
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cally had been solved and that conveying it to the stoker would 
not be difficult to accomplish. 

The subject was eventually referred to a standing coni- 
ng, ittee to report upon. 



OfTlcial Reports on Recent Accidents. 



On 



At Aylesbury Station, Met. and G.W. Joint R. 
23rd December, Li.-CoL H. A, Yorke, R,E.^ reports that : — 

The 2.45 a.m. ex Marylebone Great Central express 
passenger train (engine No. 1,040, tender and 10 vehicles) 
was derailed and completely wrecked. The engine, tender 
and three or four coaches mounted the down platform (the 
engine being turned over on to its right side), two coaches 
mounted the up platform, and the rest of the train was 
scattered about on the up and down lines between the plat- 
forms, for a distance of about 50 yards. The driver and fire- 



tion behind it, overhanging the rails of the loop line on the 
south side of the down platform, and leaning against the side 
of two Great Western coaches which were in turn leaning 
against, and supported by, some coal wagons standing on 
an adjacent siding. Immediately behind the tender, three 
or four coaches of the train were telescoped together in such 
a way that they appeared as one coach. Another coach was 
lying across the up and down lines with one end resting on 
the up platform, portions of two other coaches were on the 
up platform and the rest of the train, with the exception of the 
rear brake van, was broken up and scattered in all directions. 

The permanent way was, considering all the circum- 
stances, but slightly damaged. A dense fog prevailed and 
the fogmen were at their posts. 

Aylesbury Station is the joint property of the Great 
Western and the Metropolitan R. Co., and the Great Central 
R. Co. has running powers over the lines through it. It 
consists of two platforms, the direction of which is approxi- 
mately east and west, with up and down main lines between 
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man and a driver and a fireman travelling as passengers were 
killed, and four other servants were injured. There was no 
one else in the train. 

Immediately after the derailment, the 10.20 p.m. ex Man- 
chester Great Central passenger train came into slight colli- 
sion with the wreckage, but no one was injured. 

All the wheels (except engine bogie) were braked by 
automatic vacuum brake. The train was 482ft. 3ins. long, 
and, including the engine, weighed 306 tons 6 cwt. 

The engine had the appearance of being a good deal 
knocked about, but the damage was chiefly superficial, the 
boiler, machinery, frame, springs and wheels being uninjured. 
It was lying on its right side across the down platform about 
40 yards from the London end of it, with its bogie wheels 
overhanging the left-hand rail of the down main line. The 
top of it was covered with mud, and its appearance indicated 
that it had fallen in the first instance on to its left side, and 
had then rolled over on to its right side. The funnel was 
broken off, and the lagging round the barrel of the boiler 
was torn and indented. The tender was in an oblique posi- 



them. There is a loop line and also a siding on the south 
side of the down platform, which is in fact an island plat- 
form, and there are sidings on the north side of the up line. At 
the east end of the station the Metropolitan R. from Baker 
St. joins the Great Western R. from Princes Risborough by 
a double junction. The two railways are, roughly speaking,* 
parallel to each other for about 200 yards, the Metropolitan 
lines being on the north side of the Great Western line, and 
when about 340 yards from Aylesbury Station the Metro- 
politan lines turn inwards and form a junction with the Great 
Western line by means of a reverse or S curve. The two 
portions of this reverse curve upon the Metropolitan line are 
supposed to have radii of 9 chains, but so far as the eastern 
portion of the curve is concerned the curvature has been 
slightly modified, apparently with the view of reducing the 
abrupt divergence from the straight and of forming some sort 
of transition curve. It will be seen from the plan that the 
curve commences with a radius of 1,350 ft., which extends 
for a distance of 28ft. ; the radius then becomes 830 ft for a 
distance of 30ft., after which it is 540ft. for a distance of 
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8ofu There is then a short len^h of 36ftu of tangent before 
the reverse portion of the curve begins. 

The lines through the station, although the joint property 
of the Great Western and Metropolitan R. Co., are main- 
tained by the former, the Great Western maintenance com- 
mencing at the spot where the check rail ends on the curve 
of 540ft. radius, and the administrative duties of the station 
are carried out under the super%'ision of a joint committee of 
the two Cos. There are two signal-boxes, viz., the East box 
and the Joint signal-box, the former of which is situated on 
the north side of the Metropolitan R., 3x4 yards from the 
centre of the station, and belongs to and is manned by the 
Metropolitan Co., while the latter is on the up platform about 
the middle of the station and is owned and manned by the 
joint Cos. 

The only signals to which it is necessar\' to refer are the 
Metropolitan down main outer home and the down main 
distant signals. The former is situated 80 yards, and the 
latter 1,133 yards, east of the East signal-box. The speed 
board to which reference has already been made is placed 
half way between the signal-box and the down main outer 
home signal. 

So far as the destruction of rolling stock is concerned, 
this is probably one of the worst cases of derailment that has 
occurred in the United Kingdom. Of the ten coaches form- 
ing the train, six were entirely, and one partially, demolished. 
The train is chiefly used for the conveyance of newspapers 
and parcels. 

The derailment was undoubtedly due to the excessive 
speed of the train when passing round the curve of the junc- 
tion of the Metropolitan R. with the Great Western R. 

It is impossible in cases of this sort to give to the outer 
rail of the curve the correct superelevation. It is true that 
some degree of superelevation had been provided, but this 
consisted of nothing more than a sort of hump in the right- 
hand rail, which did more harm than good, as its only effect 
would be to cause the engine to make a nasty lurch to the 
inside of the curve at the moment when the centrifugal force, 
pressing the engine outwards, was at a maximum. The 
superelevation had a maximum of 3ins. at the spot where the 
radius of curvature changes from 830 to 540ft. , and that then 
it rapidly decreased on the latter curve until it disappeared 
altogether at the place where the curve joined the tangent. 
It therefore follows that at the time when the lurch of the 
•engine tended to lift the outer wheels off their rail, the rail 
itself was, as it were, dropping away from under those wheels. 
A more dangerous state of affairs could hardly be imagined. 
An examination of these conditions makes it apparent that the 
wheels of an engine could not at any time be all touching 
the rails at the same moment, or, if touching, could not be all 
carrying their proper share of the weight, and it would be 
better to have no superelevation at all than one that is abso- 
lutely incorrect, both theoretically and practically. The 
check-rail, instead of being carried right round the curve of 
540ft. radius, was discontinued about 30ft. from the end of 
the curve; a feature which is of much importance, owing to 
the fact that the marks seem to indicate that it was the spot 
where the check-rail abruptly ends that the engine first left 
the rails. It is manifest that such a junction is suitable only 
for a very low rate of speed, and the regulations prescribed 
15 miles an hour as the safe speed for it. Speed boards are 
erected alongside the railway at both ends of the junction to 
warn drivers, and a notice to the same effect is contained in 
the official time-books of the companies concerned. 

Aylesbury Station is situated at the foot of an incline 
over 6 miles long, the gradient upon which is for the most 
part I in 117. It is, therefore, a place where under ordinary 
circumstances a high speed would be attained. The restric- 
tion of speed to 15 miles an hour was, therefore, of great 
importance and required to be most carefully observed. The 
speed limit is usually adhered to, but it was proved that on 
the night in question it was largely exceeded. The train 
register-books show that the train occupied 2J minutes in 



covering the 2 m. 32 chs. between Wendover and Stoke Man- 
deville, and 2 minutes that, 2 m. 15 chs., between Stoke Man- 
deville and Aylesburj' East. It is probable that the speed 
when the train reached the curve was not less than 60 miles 
an hour. No practical amount of superelevation could 
render it possible for a train travelling at that speed to get 
round such a curve as that described. 

The marks on the permanent way do not afford a clear 
indication as to what happened, but they seem to suggest that 
the bogie-wheels of the engine left the rails at the end of the 
check-rail, where the radius of the curve is only 540ft., and 
took a tangential course until the inner or left-hand bogie- 
wheels got foul of the diamond crossing between the right- 
hand rails of the Great Western up and the Metropolitan 
down lines respectively. The guard-rail of this crossing was 
knocked out of place, and the bogie- wheels apparently were 
there diverted by the right-hand rail of the down Metropolitan 
line, so that the head of the engine was turned towards the 
down platform of Aylesbury Station, which it mounted, and 
upon which it and the front part of the train eventually came 
to rest. The smallness of the damage to the permanent way 
is not easy to account for. 

Driver Barnshaw was fatally injured. He was a steady 
and reliable driver, a total abstainer, and had a good record. 
He entered the Co.'s service as cleaner in 1891, became a 
fireman in 1896, and was passed as driver in December, 1899. 
He had signed the usual ** road paper" in October, 1901, 
but apparently did not on that occasion include the London 
section of the railway as one with which he was acquainted. 
However, in March, 1904, he revised his ** road paper " and 
put his initials against the Leicester and London section to 
show that he knew it. It is remarkable that whereas on the 
up journey he had distinctly asked for a pilot-man (but sub- 
sequently refused to take one), on the down journey he only 
asked for an experienced fireman, which is by no means the 
same thing. The fireman given to him had been working 
between London and Manchester since 1899. Barnshaw was 
apparently doubtful as to his knowledge of the road between 
Leicester and London on both the up and down journeys, and 
that the anxiety he displayed at Neasden was quite as much 
on this account as on that of his fireman's want of experience 
in firing. Therefore Barnshaw himself was not justified in 
working, and that those responsible were not justified in allow- 
ing him to work either the up or the down train between these 
two places without a pilot-man, especially at night and during 
a thick fog, and that his mistake in failing to reduce the speed 
of his train before reaching the junction at Aylesbury Station 
was probably due to his lack of familiarity with this section 
of the railway, and, either altogether forgot the existence 
of the curve and speed restriction at the junction, or, owing 
to the thick fog, failed to locate himself correctly. All the 
signals were **off " for the train at Aylesbury, as well as 
at Wendover and Stoke Mandeville, so that although the fog- 
men were out, no detonators were on the rails. The speed 
board is much too near the danger spot to be of any practical 
use. 

The most obvious lesson to be derived from this disaster 
is that a junction with such curves as described should not 
be allowed to exist on a main line over which high speed 
trains are constantly run. So long as the line was used only 
by Metropolitan trains, all of which stop at Aylesbury, the 
objections to the lay out of the junction were not serious, 
but the junction is eminently unsuitable for the fast trains 
of the G.C.R. It is therefore very desirable that the Met. 
and the G.W.R. Co. should agree to form an entirely new 
junction between their respective systems. The check rail 
should be carried round the curve until it joins the wing rail 
of the V crossing between the left hand rail of the Met. down 
line and the left hand rail of the G.W. up line. The super- 
elevation should also, if possible, be improved, or, preferably 
abolished altogether. In its present condition it is too 
great at its maximum point for a speed of 15 miles an hour, 
and far too little for a speed of 50 or 60 miles an hour. 
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The speed board should be moved further out, or else 
some other means of warning a driver to reduce his speed 
should be adopted. 

Upon French railways a special signal (signal de ralen- 
tissetnent) is used for the purpose of warning drivers when 
they have to slacken speed. In England no such signal has 
been adopted, but the distant signal could be utilised by keep- 
ing it permanently at danger, so that it would act as a con- 
stant reminder to drivers that speed is to be reduced. 

Another matter of considerable importance is the necessity 
for some more stringent supervision on the G.C.R. over the 
signing of the ** road papers " by the drivers. The present 
method seems to be highly unsatisfactory, as a driver is 
allowed to sign a ** road paper '' on his own responsibility 
without any adequate steps being taken to ascertain whether 
he is acquainted with the road or not, nor are the papers 
counter-signed by any responsible officer of the Co. Drivers 
should only be permitted to sign these ** road papers *' in the 
presence of a responsible officer, and after being examined 
by the latter as to their knowledge of the road and regula- 
tions, and the officer should date and countersign the paper 
and add any remarks which occur to him. The same pro- 
cedure should also be invariably adopted when any revision 
of these papers is made. 

The collision of the up train with the wreckage was 
unavoidable. The driver of the up train had already reduced 
his speed on approaching Aylesbury in compliance with the 
regulation, and the signalman, fogman and driver all acted 
with commendable promptitude. 



At Huddersfield, L. & Y. and L. & N.W. Joint 
Station. On 21st ApriL Lt.-CoL E, Druilt, R.E,^ reports 
that :— 

The L. and Y. 2.20 p.m. train (radial 4-coupled tank engine 
and 7 vehicles) from Mirfield was run into by a L. and N.W. 
engine and 3 vehicles. 

Two passengers were killed and 9 injured, and 4 servants 
were also injured. 

The L. and Y. train was fitted with the automatic vacuum 
brake operating on 36 out of its 44 wheels. 

The L. and N.W. engine, 6-coupled bogie, with tender, 
was running tender first. It weighed about 90 tons. It was 
pulling two corridor thirds and a van. 

The first three coaches of the L. and Y. train were telescoped 
and the second one completely broken up. 

At a distance of 100 yards east of the station is No. 2 
signal-box, which controls all the movements of trains ap- 
proaching from the eastward, the bridge of up directing sig- 
nals to the platform roads being 112 yards east, and the up 
home signals 204 yards east of the signal-box. 

The L. and N.W. engine, No. 610 (driver Haigh), arrived 
at Huddersfield No 2 signal-box about 1.50 p.m., in order to 
get on to the turntable to turn, the turntable at Hillhouse dep6t, 
a mile or so away, being too small. But the turntable road 
was blocked by three empty coaches, and as the sidings were 
all full, driver Haigh, under instructions from signalman 
Payne and shunter Alford, drew the empty coaches out with 
his engine on to the down main line, and then backed them 
through the cross-over road on to the up main line inside the 
station. As soon as his engine was uncoupled, Haigh took 
it back through the cross-over road to the down main line, 
and then backed on to the turntable, where the engine was 
turned with the assistance of shunter Alford. 

Haigh then took his engine out on to the down main line 
again and backed it through the cross-over road on to the 
empty coaches he had left standing on the up main 
line, which had to be replaced in the turntable 
road. The engine was coupled on to the empty 
coaches by shunter Alford. All the movements of 
the points for these operations were carried out by signalman 
Payne in response to the information shouted to him by 



Alford; and the disc signals for backing through the cross- 
over road from the up to the down main line, and for coming 
out of the turntable road on to the down main line were lowered 
to safety for the movements they covered. 

Just as signalman Payne had lowered the disc signal for 
the engine to come out on to the down main line after it had 
turned, he states he was offered the L. and Y. passenger train, 
from Hillhouse No. i signal-box, on the up south line, and he 
accepted it at once, the time being 2.33 p.m., and as soon as 
the L. and N.W. engine had gone through the cross-over 
road on to the up main line Payne offered the L. and Y. train 
to the No. I box at the other end of the station, on the up and 
down platform No. 2 road, and it was accepted at once, so 
Payne restored the points of the cross-over road to the normal 
position, and set the road to lead from the up south line to 
No. 2 platform road, and lowered all the signals for the L. and 
Y. train at 2.34 p.m. 

Before these signals could be lowered it was necessary, 
owing to the interlocking of the levers, to place the cross-over 
points and the disc signals relating to those points in their 
normal position. 

As soon as the L. and N.W. engine had backed on to the 
empty coaches at 2.34 p.m., shunter Alford coupled it on 
again, and went back to the van to take off the hand brake 
which he had appled when the coaches were placed on the up 
main line, and driver Haigh started almost at once without 
looking at the disc signal alongside his engine, thinking he 
was going back through the cross-over road on to the down 
main line and thence to the turntable road. He did not notice 
that he did not go through the cross-over road as he was 
expecting to do, and the result was he ran past the cross-over 
road on the up main line in the facing direction, and after 
going another 45 yards he ran into the L. and Y. Incoming 
train just after the latter had taken the points of the crossing 
to the up and down platform No. 2 road, the two engines 
meeting almost buffer to buffer. 

There are some discrepancies in the evidence of driver 
Haigh and that of shunter Alford and signalman Payne, but 
assuming Haigh to be correct he is solely to blame for not 
looking at the disc signal at which he was standing before 
moving his engine; he had only to look over the side of the 
footplate to see it. 

He should also have noticed that his engine did not go 
through the cross-over road but continued running in the fac- 
ing direction on the up main line, an absolutely unauthorised 
movement; and if he had been looking out he should have 
seen the L. and Y. train approaching, whereas he did not see 
it until he heard the whistle of the other engine, when it was 
too late to stop. 

He is an experienced man with a good record, having been 
a fireman for 9 years and an engine driver for r6 years. He 
had been on duty 10 hours. 



Near Stratford Market Station, G.E.R. On jtA 
ApriL LL-CoL P, G. von Donop, J^JS,, reports that:-- 

The 2.31 p.m. goods train, London Docks to Victoria 
Docks, consisting of an engine, 14 wagons and a van, was 
run into by the 2.48 p.m. up train, Stratford Market to Strat- 
ford Fork carriage sidings (engine and 12 empty carriages). 

The engine of the goods train was overturned and the fire- 
man was found underneath it, having been killed instan- 
taneously. The drivers of both engines were seriously in- 
jured; the fireman of the empty carriage train and both guards 
were slightly injured. 

The engine of the 2.31 p.m. train was fitted (all wheels) 
with the Westinghouse automatic brake. 

The collision was entirely due to driver Webster (up train) 
having allowdd his train to start from Stratford Market 
Station while the up starting signal was at danger. He had 
been on dutv close on 10 hours. 
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At West Hat tlepool Station— At Burnley— At Waverley Station^ 
Edinburgh, 

Mr. J. C. Inglis, general manager of the Great Western 
R., has been appointed to represent the Govermnent on the 
Arbitration Board which is to fix the price to be paid by the 
Government for the Singapore Docks. Mr. IngUs has left for 
Stngaporei and will, it is expected, be away from Haddington about 
twelve weeks. The vendors, the Tanjong Pagar Docks Co., Ltd., 
will be represented by S r Ed. Boyle, K C, and the two arbitra- 
tors have selected Sir Michael Hicks-Beach to be umpire. 

Mr. R. Y. Vickcrs, assistant traffic manager, Hull, 
Barnsley and W. R. T. R., has now been appointed superinten- 
dent of the line, and Mr. John Shaw, the assistant goods 
manager, has been appointed goods manager. 

Mr. T. H. Roberts, superintendent of the Reading 
division (now absorbed in the London division) of the Great 
Western R , has been appointed iuperintendent of the newly 
created Gloucester division. 

It is announced that Mr. W. H. Adams and Mr. C. H. 
Jones, superintendents of the running depaitments of the 
northern and southern divisions respectively of the Midland R., 
will shortly retire under the age limit rule, and that in conse- 
quence Mr. Cecil W. Paget, manager of the locomotive 
works, Derby, has been appointed chief assistant to the locomo- 
live superintendent (in addition to his present office) as from the 
ist November next. 



Mr. W. Panter, caniage and wagon superintendent L. and 
South Western R., will soon reach the age limit, and though 
offered the option of remaining, has decided to retire at the end 
of the year. 

Mr. Kenneth R. N. Speir, of the locomotive department. 
Midland R., Derby, has been appointed secretary to the President 
of the Egyptian State Railways. 

Mr. W. G. Hornett, of the locomotive and wagon depart- 
ment, Great North of Scotland R., Inverurie, and previously on 
the Great Eastern R. at Stratford, has been appointed assistant 
carriage and wagon superintendent of the Bengal Nagpur R. 

We regret to record that Mr. John Stoddart, goods and 
mineral plant superintendent, Caledonian R., died, after a linger- 
ing illness, at his residence on the 8th ultimo. 

Sierra Leone Railway. 

Thb last section of this railway, 60 to Baiima (84 miles), includ- 
ing the bridge 633ft. long over ihe Moa River, was opened on 
the 23rd August. The total length of the line (now open 
throughout) is 220 miles. 

Victoria Falls Bridge. 

The great bridge over the Zambesi River, just below the Victoria 
Falls, was formally opened by Professor Darwin on the 12th 
ultimo. The Falls are 1,631 miles by rail from Cape Town, and 
can be reached in 2 1 days from London. 

Charges for Royal Specials in Germany. 
When the German Emperor (or the Empress separately) travel 
by special train every journey is paid for by the Kaiser to the 
Administration of the Prussian State Railways, to which the 
Royal trains belong. Thus the Kaiser's recent journey from 
Berlin to Elbing, a distance of about 315 miles, cost ;;^34o, or 
just over ^i a mile. The rates paid by the Court train are 
reckoned on the same scale as the charges for any other special 
train, that is, i4</. for every kilometre (0*62 1 mile) run by the 
locomotive, $d. for every axle-kilometre for the carriages, and 
2^d, for every axle-kilometre for the luggage or police cars. The 
return journey costs the same, as the reduction on a return ticket 
does not apply to an Imperial train. Every Court train carries 
an official, who is responsible for the train and its safe running ; 
every car is under the special supervision of an engineer, and 
every provision is made for repairing without loss of time any 
accident to the train while on a journey across the open country. 
In fact the arrangements are similar to those in vogue in this 
country for Royal trains. 

Passengers' Complaint Books. 

At the stations of the Bavarian State Railways the traveller with 
a grievance, and when was there not such a traveller to be met 
wuh always and everywhere, has been able to make his complaint 
in writing in an official book kept for the purpose. But these 
books have oecome a great nuisance to the railway authorities, 
who are discussing the qu|^tion of abolishing them, because in 
their own words, " of late years the number of complaints has 
increased considerably." To the outsider such a result would 
seem to imply that the books were needed in the interests of the 
travelling public. The authorities, however, say that very many 
complaints proved to be unfounded, that much time was taken 
up in investigating them and in answering the complainers^ and 
that as the greater part of the complaints are written under the 
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stress of more or less excitement the element of truthfulness in 
them suffers in consequence. Such books on our home railways 
would furnish some delightful reading for leisure hours. 

Raising Trees for Sleepers. 

The Cape Government, Railway Department, have four nurseries 

in which are raised trees destined to supply sleepers in the future. 

At the nurseries at Elgin and Knol Vley 918,756 have been 
raised at an average cost per 100 of i2'26d, and 11*54''^. respec- 
tively. These figures refer to young Eucalypts rooted in tins. 

The areas of the plantations are 405 acres at Elgin, 570 acres 
at Epping, 296 J acres at Helderberg, and 522 acres at Knol Vley, 
Including clearing, ploughing, planting, &c , the total expenditure 
at these four plantations during the six months ended 30th June. 
1904 was £2,$2Z. At Knol Vley alone there are about a million 
established plants. The value of these plantations will be appre- 
ciated when it is remembered that in 1903 the Cape Railway 
Department imported timber to the value of ;^303'i37» and the 
other government departments to the value of ;£72 7>5o^- 

Passenger's Eye Injured by a Spark. 
An interesting case of importance to railway companies, viz., 
Atherton v. the L. and North-Western R. Co., was before 
the Court of Appeal shortly before the vacation. 

At Huyton station one of the exits for passengers is by a path- 
way belonging to the railway company close to, but separated 
from, the railway by a post and rail fence. There is also another 
but more circuitous exit from the platform. The plaintiff on 
alighting from the train fr^m Liverpool proceeded by the path- 
way, and as the train passed him a spark from the locomotive 
entered one of his eyes and injured it. No complaint was made 
as to the construction of the engine, but negligence alleged was 
that the pathway had not been so screened as to protect 
passengers using it from sparks which all engines were liable to 
emit when starting. It appeared that at the beginning of last 
year the ratepayers at Huyton had petitioned the L. and 
North-Western R, Co. to screen the pathway, but the company 
declined to incur the expense. The plaintiff had signed this 
petition and was therefore aware of the danger of using this exit. 
Mr. Justice Walton, who tried the case at Liverpool, decided 
that there was evidence of negligence, and a special jury awarded 
the plaintiff j[,2S damages. The L. and North-Western R. 
Co. appealed for a new trial on the ground of mis-direction of the 
jury as to whether there was evidence of negligence. 

The Master of the Rolls concluded a lengthy and considered 
judgment by saying the verdict of the jury ought not to be 
disturbed. Mr. Justice Romer also delivered a written judgment 
to the same effect, and Mr. Justice Mathew concurred. The 
appeal was therefore dismissed. 

¥: 

Milling Testing Plant and Hardening Cutters. 
Mr. G. M. Basford, editor of the American Engineer^ writes to 
his journal that at Borsig's locomoti|p works a milling testing 
machine has been laid down and has proved to be very profit* 
able : — 

"A special motor drives a large new milling machine, and a 
good man is constantly employed in making tests of cutters of 
various kinds upon broad surfaces of cast iron and steel. By 
weighing the work and reading the ammeter the power required 
per unit weight bf nietal removed is studied, and this experimental 
wofk had greatly increased the rate of cutting and reduced th^ 



cost of milling. This, by the way, is an admirable demonstration 
of the convenience of electrical measurements in introducing 
improved methods in the shops. 

** The tempering of nulling cutters was watched with interest. 
Gas furnaces are used, and the cutters are heated very slowly. 
Until red hot they are not put into the furnace at all, but are 
heated by radiant heat by being placed on a plate under the 
furnace, the gas burner of which heats cutters to a high tempera- 
ture in the furnace while it heats to a red temperature those which 
are to go into the furnace. This is said to be the secret of 
hardening good cutters. 

"Small pieces of highspeed steel were in some mysterious 
way stuck on the ends of large lathe and planer tools. The joints 
were fused and resembled brazing, but they hold heavy cuts. I 
did not succeed in impressing the works manager with the 
desirability of telling me how it was done or letting me see the 
process." 

# 

Scottish Railways. 

The constniction of the extension of the North British R. at 
Falkirk is progressing rapidly. The object of the line is to give 
through communication from the West and North to Grange- 
mouth. The extension leaves the main line at Sunnyside, and 
pisses through Bainsford to Orchardhall, where it joins the 
Caledonian R. Co.'s new line at FouMubs. The length of the 
new railway will be 2 J miles, and it will be used principally for 
mineral traflSc. 

In the latest returns of the Board of Trade the Scottish rail- 
way companies have a good record so far as the working of long 
hours by their servants is concerned. The North Briiiih R. 
figures twice, the Great North of Scotland R. once, and all the 
others not at all. 

As some doubt has been entertained by the oflScials of the 
North British R. as to whether the tunnels on their system were 
wide enough for the East Coast Companies* latest type of coach to 
properly pass through, a train of empty coaches has recently been 
employed to test the clearances of the tunnels and curves. 

Morse Chain. 

The Westinghouse Brake Co., Ltd., have completed new works at 
York Road,' King's Cross, London, equipped with the most modern 
too'.s for making, and testing the Morse Rocker Joint High Speed 
Chains, which, with the double pintle designed to eliminate all 
sliding friction, have met with great success since their introduc- 
tion in America. The company have secured the exclusive right 
to manufacture and sell these chains in this country and on the 
Continent. 

A Very Fast Run. 

When the distance from Chicago to nuflfalOjOver the Lake Shore 
and Michigan Southern Railway, was covered at an average speed 
of 65*07 m.p.h. on Thursday, October 24, 1895, a world's record 
was made for this distance. On June 12 and ^Z^ '905t ^ ^x^^^ 
of three private cars was run over the same road, a distance of 
525 miles, at an average speed of 6953 m.p.h. including stops, 
and an average speed of 70*94 m p h. excluding stopi. This was 
a special train composed of three officers* cars weighing 175 tons 
back of the tender. The accompanying lable contains the official 
record of the speeds over each divison, the figures having been 
taken from the train dispatchers' records. Locomotive No. 3707 
is of the new class K, 2—6 — 2 type, and is the heaviest passenger 
locomotive in the world at the present time. That this very 
heavy locomotive made such sp^^ed is worthy of special record. 
The figures presented include the length of each division, the 
time of departure and arrival, the time over each division, the 
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distance and speed in miles per hour. All of the locomotives 
concerned in this remarkable run were built at the Brooks works 
of the American Locomotive Company. 

That the record made last June did not involve any special 
preparation, whereas that of O.tober 24, 1895, required extra- 
ordinary preparation, is a fact worthy of note. The record given 
in the American Engineer is as follows : — 

LAKE SHORE AND MICHIGAN SOUTHERN RAILWAY. 
Westbound, June 12th, 1905. Private cars 201, 203, coach 340, 

Time. Distance. Per hour. 

Engine 4,692 (2-6-2). 
Lv. Bu6falo ... 5. 15 a.m. 
Av. Cleveland ... 7.50 a.m. *2hr. 35min. 183 miles. ^ •70-8 miles. 

Engine 4,665 (2*6-2). 
Lv. Cleveland ... 8x0 a.m. 
Av. Toledo ... 9.33 a.m. 1 hr. 33 min. 108 miles. 69*66 miles. 



Engine 5,003 (4.6-0). 
Lv. Toledo 



9.36 a.m. 
Il.30a.ro. ihr. 54 min. 



133 miles. 70*00 milcs. 



loi miles. 65*86 miles. 



Av. Elkhart 

Engine 695. 
Lv. Elkhart ... 1133 a.m. 
Av. Chica|ro ... 1.05 a.m. ihr. 32min. 

^Including a 2-minute stop at Erie. 

Average speed 525 roi'es, including stops, 67 02 m.p.h. 

Average speed 525 miles, excluding stops, 69*69 m.p.h. 
Eastbound, June 13th, 1905. Private cars 201, 203, coach 340. 

Engine 695. 
Lv. Chicago ... 6.30 a.m. 
Av. Elkhart ... 8.22a.m. ihr. 32mtn. 101 miles. 65*86 miles. 

Engine 4,661 (2-6-2). 
Lv. Elkhart ... 8.24 a.m. 
Av. Toledo ... iai8a.ro. ihr. 54 min. 133 miL-s. ' 70*00 miles. 

Engine 4,665 (2-6-2). 
Lv. Toledo ... to.20a.ro. 
Av. Cleveland ... 11.51 a.ro. I hr. 31 min. 108 miles. 71*20 miles. 

Engine 3,707-685. 
Lv. QeveUnd ... 11.55 a.m. 
Av. Buffalo ... 2.25 p.m. *2hr. 3oniin. 18^ miles. *73*20 miles. 

* Including a vminute stop one mile east of Dunkirk. 

Average speed 525 miles, including stops, 69*53 in*P*h, 

Averige speed 525 miles, excluding stops, 70*94 m.p.h. 



Books, Papers and. Pamphlets. 

7h€ If^oriifs Locomotives, By Chas. S. Lakr. London : Percival Marshall 

and Co., 26-29, Poppin*s Court, Fleet Street, E.C. 

This book is not, and does not pretend to be, a text book of 
the design and construction of locomotives; it deals entirely 
with the completed machine in all its varieties and s^zes. 

It sets out clearly and concisely the principal particulars of 
contemporary locomotives constructed during the last few years, 
and thereby brings into comparison the efforts made in the 
different countries of the world by locomotive engineers to meet 
the ever-increasing demands of the traffic departments. The 
two opening chapters are very interesting. They refer to 
individual examples of modem locomotives, particularly those 
which are furnished with some notable appliance, or fitting such 
as serve tubes, special blast pipes or spark arresters, cross water 
tubes, " coned '* boilers, corrugated fire-boxes, liquid fuel, super- 
heaters, &c. In Chapter IT. the American classification by the 
arrangement of the wheel base is explained with diagrams ani a 
table of the corresponding American names. 

The next seven chapters deal with British locomotives, 
separate chapters being devoted to the 4-4-0 type ; the 4-4-2 
type ; other types of express engines ; tank engines ; shunting, light 
and crane locomotives ; goods locomotives and compound loco- 
motives. A fairly long chapter given to Colonial and Indian 
locomotives is followed by four chapters devoted to foreign and 
Continental locomotives, and by two on American passenger and 
goods engines respectively. In an appendix particulars are given 
of Mr. Whale's " Experiment " class and of Mr. Churchward's 
latest tank engines. Such references show that the book is quite 
" up to date.** 



The author may be congratulated on having written a very 
useful work, as it collects into a convenient form for reference the 
leading particulars of all the principal types of modern locomo- 
tives. This could not have been a very easy matter, but the 
author having been trained as a locomotive engineer, and having 
subsequently been accorded most exceptional facilities for study- 
ing the operation of locomotives, has been able to accomplish his 
task without unduly increasing the size of the volume or without 
neglecting any important type of engine. 

The book is profusely and well illustrated with views of the 
engines. In addition eight large sectional drawings are given, 
besides smaller ones of special parts and details. It is beautifully 
printed, and its " get up " generally is excellent. It is published 
at a very low price, and is, we think, certain to command success, 
as it is undoubtedly the best work of its kind. 

Railways and fheir Rates, By Edwin A. Pratt. London: John 

Murray. 1905. 

This book treats the subject Railway Rates from the 
railway companies' point of view, and it is to be hoped that it 
will be widely read by traders and the general public, particularly 
the former. 

The causes which have made the capital cost of railways in 
this country great in comparison with those of other countries are 
examined and reviewed, and the conclusion is drawn that our 
railway rates might reasonably be expected to be heavier than 
they are abroad. Stress is laid upon the expensive system of 
small consignments in vogue in this country, coupled with the 
short haul which is inevitable in a small island. It is also pointed 
out that British traders will not combine to send large consign- 
ments, but insist upon their individual small lots being delivered 
with the utmost speed. 

In comparing British and Continental rates Mr. Pratt is mo.t 
interesting, and demonstrates that the unfavourable comparisons 
about which we hear so much are almost invariably obtained by 
comparing domestic with export rates or by comparing the rates 
for unlike services rendered. Another excellent and very 
important chapter is that on the Taxation of Railways, in which 
it is shown that local improvements are being largely carried out 
at the expense of railway shareholders and traders and passengers 
who use railways. 

Chapter X.— on Sundry Services — explains the free ware- 
bousing system which competition has forced upon railway com- 
panies. One has only to reflect upon the value of land in the 
heart of large towns and cities and upon the cost of the vast 
fireproof warehouses to appreciate the capital outlay railway 
companies have incurred t ) secure traHic for their lines. And 
when it is remembered that goods of all description are ware- 
housed free for, in some cases, 14 days both before and 
after carriage, some idea of the services rendered 
to traders and manufacturers will be obtained. Not- 
withstanding the innumerable tirades that have been penned on 
the iniquities of railway companies in general and the enormities 
of their rates in particular, we do not remember ever to have seen 
the warehousing facilities mentioned before. 

Mr. Pratt remarks : " Newspaper managers find the arrange- 
" ment especially convenient and economical in regard to the 
" storage of the jwiper they use, though newspaper editors are 
" none the less ready to encourage and to support complaints as 
" to the * extortionate ' character of railway charges in general." 

Several striking examples are given, <r.^., " A consignment of 
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" 85 bales, warehoused and redistributed by the railway company 
** in twelve separate deliveries. Warehouse rent, 2s" In this 
instance there would have been no charge had not the ** free " 
period of lime been exceeded. Such examples may cause one to 
wonder whether this warehousing system is '* good business," but it 
should be remembered that such services as that above mentioned 
often secure large traffic accounts miles away. 

The chapters dealing with the Carriage of Dead Meat, Fish, and 
Fruit and Vegetables are crowded with information of particular 
interest to all consumers who have been taught to believe that the 
price of food depends upon railway rates. This is, of course, an 
absurd fallacy, and Mr. Pratt tells how the railway company (now 
the Great Central) created Grimsby and made it the greatest fish 
mart in the world, and now carries its catches to London for one- 
sixth of a penny per pound. Also that the railways receive just 
over 0.62^/. per pound for carrying soles (and other fine fish) from 
Wick to London (749 miles) in i cwt. lots ; this example is 
interesting because the retail price of soles in London is generally 
about 24^. per lb. 

Then about the rales on fruit and vegetables, both British and 
Continental, Mr. Pratt tells us a great deal. It appears that for 
bringing fruit from Maidstone and delivering at Covent Garden 
the railway company receives about one-tenth of a penny per 
pound; green peas from Braintree 3f^. per bag, whilst the sales- 
man charges a commission of 6^. per bag for selling them. Mr. 
Pratt devotes some pages to the examination of market 
salesmen's commissions. He shows them to be generally 
about equal to the railway rates, and comments upon the 
diflference between the services rendered to the grower for 
similar payments. Many other examples will be found in the 
book, as well as a full discussion of the Continental rates and 
regulations for fruit and vegetables. 

The chapter on General Continental Considerations is 
followed by five others, dealing respectively with the railways of 
France, Germany, Holland, Belgium and Denmark, all of which 
are most interesting, and contain much useful information. 

The book concludes with a brief review of the British Canal 
Problem and its connection with railways. 

Mr. Pratt has not only written a most instructive book, but he 
has also thereby rendered the railway interests of the country a 
signal service. 



Son, 7, Slaiioners' Hall Court. E,C. December, 1904. [Price of No. 
16 los. 6d.y and of No. 23 is,, both nci,] 

" Ked Books " 0/ th€ British Fire Prn>ention Committee, Edited by the 

Executive. London : Published at the Offices of the Commhtee, I, 

Waterloo Place, Pall Mall. [Price 2j. dd, each.l 
The Committee Reports on Fire Tests : — 

No. 95. Three Vertical Openingi filled with wired Cltui by Messrs. 
Pilkington Bros., Ltd. 

No. 96. Four //oriiontal Openings filled with Wired Glass by Messrs. 
Pilkington, Ltd, 



Rail-Motor Carriages; London and North-Western 

Railway. 

A FREQUEN'T rail-motor service has quite recently been estab- 
lished on the L. and North-Western R. between Prestatyn 
and Dyserth in connection with the trains from and to Chester 
and Rhyl. We illustrate here with the vehicles used, and it 
will be noticed that they have several novel features. 

The car body entirely encloses the boiler, and is provided 
with double doors 5ft. wide at one end. The engine bogie 
is self-contained with its engine, boiler and tank; it supports 
one end of the body and is attached to it by the centre (as 
explained below), so that when this end of the body is lifted 
clear of the centre the engine bogie may be drawn away (the 
boiler passing out through the end doors of the body) and 
replaced by another. By this arrangement the carriage is 
not laid up when the engine or boiler require repairing. 

The cylinders arc inside the frames, and the engines have 
been very carefully balanced, with the result that the vehicles 
run very smoothly and without vibration. 



Books Received. 

Machine-Shop Tools and Methods, By W. S. Leonard. With nearly 700 
illustrations. New York : John Wiley & Sons ; London : Chapman & 
Hall, Ltd. 19C5. [561 pp. 9ins. x 5|ins. ; price 175. net,] 

The Merchantable Timbers of Queensland. With special reference to their 
uses for railway sleepers, 1 ail way carriage and wagon building, and engin- 
eering works. A Report by Philip MacMahon, EHrector Govein- 
ment Botanic Gardens, Brisbane. Issued by authority of Hon. Digby K. 
Denham, M.L.A., Secreiary for Agriculture. Brisbane: George A. 
Vaughan, Government Printer, William Street. 1905. [68 pp. 14 ins. 
X iijins. and 63 plates.] 

PermancfU Way for Tramways and Street Railways, By.Thos. Arnall 
Assoc. M. Inst., C.E. London: The Publishers oi The Railway 
Engineer, 3, Ludgaie Circus Buildings, E.C. [246 pp. ; 9Jins. x 7lins. ; 
illustrated ; price I2J. dd. net.] 

Records of Recent Construction by the Balwin Locomotive Works, Phila- 
delphia, U.S.A. : — 
No. 51. Recent Locomotiz>es, 
No. 52. Forged and Rolled Steel Wheels, manufactuf ed by the Standard 

Steel Works. 

No. 53. Notes on the Principles and Performances of the Balanced 

Ccmpouiid Locomotive. 

British Standard Specifications fori — 
No. 16. Telegraph Material. 
No. 23. Trolley and Groove Wire, 

Reports issued by the Engineering Standards Committee, Leslie S. 
Robertson, M. Inst. C.E., secretary. London : Crosby, Lockwood and 



The underframes and bodies were constructed at Wolver- 
ton to the designs of Mr. C. A. Park, carriage superinten- 
dent, and the engines at Crewe to the designs of Mr. G. 
VVhale, chief mechanical engineer, and to. these gentlemen 
we are indebted for the drawings, photographs and parti- 
culars given below. 

The carriage seats 48 passengers; its general arrange- 
ment is shown by the plan. The body is 57ft. long on the 
centre line and 55ft. din. at the sides, 9ft. wide at the waist 
and 8ft. sin. high in the middle, and bft.. 7in. at the side 
cornices, all outside. The roof is eliptical in sectipn through- 
out. 

The two passenger compartments are each i6ft long by 
8ft. 5in. wide inside. The passengers' entrance vestibuJe is 
between them and Is 3ft. gin. long by 7ft. 6in. wide; the 
luggage compartment is 4ft. S^in. long; the engine room 
lift. 7in. long, and at the other end of the bar is the driver's 
vestibule, 3ft. 3in. long by 6ft. 11 in. wide. T 
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In the two larg^e compartments the seats are arranged 
transversely on each side, with gangways down the middle; 
each seat is double and reversible, so that passengers can 
face the way the car is travelling; the end seats are fixed. 
The seats and backs are supported in iron frames. They are 
covered with closely woven Rattan, and are very comfortable 
and roomy. Each compartment seats 24 passengers. The 
ends are provided with brass parcel racks. One compartment 
is for smokers. 

The interior (except the luggage compartment and engine 
room) is finished in framed teak with wainscoat oak panels, 
secured with bilection mouldings all polished. Over each of 
the large glass lights are arranged two folding push-and-pull 
ventilators, which admit, from under outside bonnets, fresh 
air. Torpedo air extractors are fixed on the roof. 

In all the partitions of the car sliding doors are provided, 
those at either end of the entrance vestibule having glass 
centre panels. There are on each side of these doors fixed 
glazed lights, which give the appearance of one long com- 
partment. Over the tops of doors and side windows is run 
a moulded cornice in charrier wood design all round each 
compartment 6ft. 4^in. above the floor level. Above this 
cornice the eliptical roof springs. The side coves form a 
frieze which is carried under the roof at the ends, thus forming 
one large centre panel made with margin in charrier moulding, 
mitred at corners and filled in with alternate plain and reeded 
narrow Kauri pine slats. The whole roof inside is painted 
enamelled white, which gives it a very light and airy appear* 
ance. 

The luggage compartment has double feeding doors on 
each side of car for passengers* luggage, and is painted and 
grained on sides with roof white. 

In the engine compartment the walls and roof are cased 
with thin steel plates and painted black below side lights and 
buff above window sills. 

Each end of the car is well provided with glass lights 
(the side ones to drop for ventilation), giving a good look-out 
for driver. 

The underframe upon which the car body is mounted is 
made of steel channels and plating throughout. It is well 
trussed to carry the weight of accumulators, dynamo, water 
tank and vacuum cylinders at the centre. The wheel base 
and dimensions of the mounted body are : — Engine wheel 
centres, 8ft. 6in.; carriage wheel centres, 8ft.; centres of 
bogies, 37ft. gins.; centres of extreme wheels, 46ft.; length 
of car, 57ft.; length over buffers, 61 ft.; height from rail at 
centre, 12ft. sJin.; height from rail at side cornice, loft. 
7iin. 

The entrance vestibule is in charge of the conductor. Its 
entrance doors on each side of car door are provided with 
steps and hand rails to enable passengers to enter and leave 
the car at the intermediate stations where the platforms are 
built at rail level. These steps are swung to the side of the 
car when travelling, and are so arranged that while they are 
open a valve in the main vacuum brake pipe is held open. 
This valve cannot be shut, and the driver therefore cannot 
blow off his brakes until the steps are folded to the side of 
the car and locked in that position. 

The cars are lighted electrically throughout on Stone's 
system. In the passenger compartments, three 2-light 
polished brass pendants are provided. The deck lights, tail 
lights, and head lights are also lighted electrically, with pro- 



vision for petroleum lighting if required. The main switch- 
board is fixed in the engine compartment. 

Electric bells are provided, and also speaking tubes, so 
that the driver, fireman, and conductor are all in communica- 
tion with one another. The conductor is in communication 
with the driver and fireman with an electric bell code, and the 
driver and fireman can communicate with each other either by 
means of an electric bell or with the speaking tube. 

The Consolidated system of heating is provided in the 
passenger compartments, the long heaters being run, under 
grids, along each side on the floor which is covered with 
** Kork *' linoleum, protected by narrow oak slats, screwed 
on, in gang-ways between chairs. 

The cars are equipped with the automatic vacuum and 
hand brakes, which can be operated from either end of the 
vehicle. 

In designing the engine truck one of the objects which 
Mr. Whale had in view was, not merely to make it a carrier 
for one end of the carriage, but to construct it to carry the 
engine, boiler valve gear, water tanks, and all the engine 
mechanism entirely independent of the carriage, and at the 
same time connect it to the latter in such a way that it could 
be readily removed and replaced by a similar truck. This idea 
has been carried out, and if at any time the engine or boiler 
require such extensive repairs as would under ordinary cir- 
cumstances necessitate the carriage being laid up, all that is 
necessary is to raise one end of the carriage until the bolster 
casting is clear of the engine, when the latter can be removed 
and a fresh truck with engine and boiler complete put in its 
place. 

The frames of the truck are Jin. steel plates, the distance 
between them being 3ft. lin., and to these frames is attached 
a floating steel casting carried on spiral springs connected to 
the truck frame. Immediately above this casting and resting 
on it is a steel bolster firmly secured to the carriage frames, 
and which has a projection in the form of a centre pin 8^im 
diam., which engages freely in a hole in the centre of the 
floating casting, and thereby attaches the carriage to the 
engine truck. This arrangement permits of sufficient side 
play to allow the coach to pass with ease round curves 2J 
chains radius. 

The engine cylinders are 9jin. diam. by isin. stroke; 
the valve gear is of the ordinary straight link type. The 
wheels are 3ft. gin. diam. with 3in. tyres. The big-end 
journal is 6in. diam.; the main bearings 6^in. diam. by loia. 
long, and the wheel seats 7iin. diam. by SJin. long. 

The boiler is of the ordinary locomotive type. The work- 
ing pressure 175 lbs. per sq. in. The barrel is 3ft. giru diam., 
and contains 216 tubes, i^in. outs. diam. by 3fL 3in, long 
between the tube plates. The fire-box is 2ft. gin. long by 3ft, 
gin. wide. Total heating surface is 317*27 sq. ft, and the 
grate area 638 sq. ft. Tlie height of the centre line of the 
boiler above the rails is 7ft. 11 in. 

Three tanks for carrying water are attached to the engine 
truck and one to the carriage underframe, the total capacity 
being 455 galls. The coal capacity of the bunkers is 16 c^-ta. 

The engine can be driven and the car entirely controlled 
from either end, so that the driver always travels in front. 

The weight of the vehicle with the tanks and boilers full 
is 43 tons 8 cwts., of which 2'^ tons 8 cw^s. are carried by the 
engine truck and 16 tons on the carriage truck. t 
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Widening of Grosvenor Bridge; L., Brighton and 
South Coast Railway. 

In the article in the last issue of The Railway Engineer on the 
widening of Grosvenor Bridge it was stated that while the main 
dimensions were necessarily the same the designs of the two 
previous bridges were essentially different in principle. 

The reasons for this statement were not, perhaps, very 
apparent, but the following explanatory remarks, together with the 
annexed diagram, will make the matter quite clear. 

In the bridge of 1859 ^^^^e are a series of four practically 
independent arches. If a load be placed on one of these arches 



the adjacent arches should not participate in it to any 
appreciable extent as the amount of stress transmitted through 
the indiarubber washers of the expansion joint can only be very 
small. 





Note, — All rivets to be J-in. diameter c cept where otherwise specified. 
The pitch to lie as shown or specified on the drawings. 

Rivets shown black to l)e countersunk on the outside as required for erection or 
for bearing surface, as well as any others which may require countersinking at hearings. 
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This is proved by the fact that the deflection of the loaded 
arch was o*76ins., whereas the upward deflection of the adjacent 
arches was only o'lains. It is even doubtful whether this rise of 
'12 was due to the stress beinpj transmitted over the pier. 

It is a well-known fact that all masonry structures have a 
certain amount of elasticity. The Vauxhall chimney at Liver- 
pool has been known to swing something like nine inches in 
a high gale of wind. Supposing a certain amount of elasticity 
existed in the piers a movement of only o'o6ins. in the pier, due 
to the thrust from the loaded span, would account for the rise of 
o*i2ins. which was observed. The bridge of 1865 was designed 
on the assumption that the piers had no lateral stability, conse- 
quently the whole of the horizontal thrust from a loaded span 
might have been transmitted to the adjacent arches through the 
continuous stringer girders. The Board of Trade test, however, 
proved the stability of the piers, and that the precautions neces- 
sitated by the assumption of their instability were not justified, 
as for practical purposes the deflections were the same in both 
designs. 

With regard to the second bridge Mr. (now Sir) Benjamin 



Bake% before the Inst.C.E,, said that the influence of changes of 
temperature were very important and might attain 3*5 tons per 
sq. in. from this cause alone. However, the experience of the 
two bridges has proved that however remotely divergent were the 
principles which weighed with their designers they have done 
their work very well up to the present time. There is less 
ambiguity as to the amount of work done by various portions oi 
the structure in the 1859 bridge, and this consideration carried a 
great deal of weight with Mr. Morgan in deciding on the decision 
for the new one. Thus on the completion of the second bridge 
the total combined width was 132ft. 6in. between parapets, and., 
the number of lines carried was seven, viz., five narrow and two 
mixed gauge. Two platforms were included, one 24ft. and the 
other 12 ft. wide, in connection with the stations at either end. 

The series of drawings which by the kindness of Mr. Morgan 
are given on pp. 285-8 show very clearly the details of the con- 
struction of the new portion of the bridge. They are fully dimen- 
sioned, and with the notes on them are self explanatory. The 
photographic views in the last issue of The Railway Engineer 
show the staging and][method of erection. 
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Section B,C. 
Widening of Grosvenor Bridge ; London, Brighton and South Coast Railway. 



Protection of Bridge Floors against Corrosion. 

In what, for comparison, may be termed the ** Barbaric *' or 
*' Pre-historic '* days of the early railways, constructed sixty 
or seventy years ago, a good many bridge floors were con- 
structed of eight, ten, or twelve inch timbers laid close to- 
gether, through the joints of which water was soon found 
to percolate in a very free and easy manner. Later on, and 
within the memory of living men, the rural and urban authori- 
ties had a fine time in wrangling with the railway companies 
in order to induce them to put up corrugated iron sheeting 
underneath the bridges, in order to protect the surface of 



the roadway below the bridge from damage, and consequent 
tr ) constant and expensive attendance and repairs. 

Still later on, however, the railway companies themselves 
found that it was extremely undesirable from a malnlcnancr 
point of view to allow water to remain on their bridge floors. 
It was found that after rain dampness remained and the tim- 
bers quickly rotted and required renewal; the iron of the j^V- 
ders upon which the floors rested became pitted from corro- 
sion, and in these cases, when the corrosion had gone too far» 
there was nothing for it but to renew or patch the ironwork 
at considerable trouble and expense, and grc 
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traffic. The ** water hog^ey *' then became of manifest im- 
portance as touchinff the interest of the railway companies 
themselves. 

Iron plated floors — flat, buckled and curved — and jack arch 
floors came in and superseded the timber floors, and in some 
enlightened parts of the world even reinforced concrete floors 
have entered the field (fig. 5), but the old bogey still survives 
and is yet in evidence, and even in the twentieth century the 
question of the cfl'ective protection of bridge floors against 
rust is still not settled, but remains a pressing matter for all 
railway and bridge engineers. Where cinder ballast is used 
under the railway sleepers the rain water becomes impreg- 
nated with chemicals capable of rapidly destroying any iron- 
work to which it gains access, and the difficulty of main- 
tenance is still further accentuated under such circumstances. 

If the old-fashioned level bridge floor of close timbers is 
made comparatively watertight by tightly caulking it be- 
tween the joints and then by the running of pitch over the 
surface, some provision must of necessity be made to get the 
water away either down the back of the abutment walls or into 
gutters underneath the bridge, or otherwise the bottom of 
the ballast will be constantly wet. In some cases a more 
elaborate treatment of the wooden floor has been tried by first 
carefully grading the upper surface and then adopting a two 
or three ply covering of felt or several thicknesses of brattice 
cloth laid down between successive layers of hot asphalte. 
Over this covering was placed another coating of asphalte 
mastic or some other material to prevent the puncturing of 
the waterproofing by the sharp hard ballast and the tools 
of the men engaged in keeping up the line. The next trouble 
was that leakage took place at the gussets and against the 
web of the girders and fillets of wood had to be fixed around 
all such places of leakage, and these in their turn required to 



Fig. I. 

be protected by waterproofing and hot ashpalte. A thin layer 
of concrete to turn the water has been tried on the top of 
the level creosoted planking, say one inch in thickness at the 
lowest and three inches thick in the highest part, covered 
with a coat of asphalte Jin. or ^in. thick applied hot (fig. i), 
but this also required to be protected from damage by hard 
ballast and workmen's tools. This, however, was not always 
satisfactory; the asphalte did not adhere to the concrete, and 
it did not adhere either to any ironwork to which it mig-ht be 
applied. It was discovered that in many cases the cement 
concrete had not been thoroughly dry when the asphalte was 
applied to it, and that the oil or paint coating on the iron- 
work hindered the adhesion of the asphalte. 

But in the natural course of things close plank floors 
soon became out of date and were superseded by floors made 
in the form of iron troughs, usually arranged at right angles 
to the direction of the line (fig. 2). Sometimes the sleepers were 
placed in the troughs, but at once difficulty was found in the 
necessary tamping of the ballast under the sleepers, there 



being no access for the tools of the platelayers either endways 
or sideways under the sleepers when laid in the troughs. It 
is eminently desirable therefore that the permanent way shall 
be laid well above the troughs, which in such circumstances, 
of course, require to be filled with a material that will both 
support the weight of the trains and also exclude the wet. 
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Fig. 2. 

Asphalte mastic has loeen used for the filling in of such 
troughs, the mixture being composed say of one of asphalte 
to four or five of limestone screenings. Previously to the 
filling in the ironwork is covered with a thin layer of pure 
asphalte applied whilst hot, the vertical surfaces being covered 
by the process of mopping. The mastic is then filled in and 
carried over the tops of the troughs, is crowned in the centre 
of the bridge and sloped down to the sides, where gutters 
are formed, leading either to the back of the abutment walls 
or laid to drain to drip pipes, which in their turn convey the 
water down into gutters fixed underneath the superstructure 
of the bridge. On the asphalte mastic a |in. layer of pure 
asphalte is applied. 

With this arrangement, however, it is found that the 
mastic in cooling draws away from the sides of the troughs, 
and even when the sides of the troughs are filled in with hot 
asphalte between the mastic and the ironwork subsequent cool- 
ing occurs, and fine cracks are found that let the water through 
and allow it to remain just in the place where it is most un- 
desirable, that is, against the ironwork. In this case the 
whole object of the filling is defeated, that is, the protection 
of the steel and the provision of a solid mass in the troughs 
with such close adherence to the steel that it shall be water- 
tight. Purposely-made mastic blocks have been used for the 
troughs, the width of the block being just sufficient to fill the 
space between the rivet heads of the troughs and these were 
set in place after the usual Jin. coat of pure asphalte had been 
applied to the steel. Pure hot asphalte was poured down the 
sides of the mastic blocks, but it was found that the cool 
blocks again absorbed a considerable portion of the hot liquid, 
and it was not by any means certain that all the voids, 
especially underneath the blocks and between them and the 
floor of the troughs, had been properly filled up. The diffi- 
culty yet remained of attaching the first thin layer of asphalte 
to the iron, and although concentrated lye was used for the 
removal of the shop coating of oil or paint the result was un- 
satisfactory. 

In some cases the troughs were filled in with Portland 
cement concrete, in the proportions say of one cement to 
three of sand and three crushed stone, and a wire netting 
of No. 10 wire, 2ins. mesh, was laid upon this, costing about 
2^6, per sq. ft. This wire netting was covered with cement 
mortar, say one cement to three of sand, laid 2 ins. thick in 
the centre and sloping downwards to the sides, where it was 
about i^ins. thick. Some reinforcing of this kind is im- 
peratively necessary in the cases of bridges with continuous 
floors over intermediate supports, especially inyi^j^^QJ^ la^yer 
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such points of support, since if this is not done the cement 
flooring and the asphalte coatinjj will certainly crack over 
these parts of the structure. 

In other cases sheets of saturated felt or brattice cloth 
are laid between successive layers of hot asphalte over the 
concrete, perhaps two or three layers of felt between the 
layers of asphalte, the felt being: generally laid from the lowest 
point upwards, each joint being- overlapped and laid down 
over the adjoining width with hot irons. On the top of this 
a layer of at least fin. thick of cement is laid to protect the 
waterproofing from injury due to ballast, tools, or weather 
influences. 

Sometimes the top of the concrete is painted over with 
a mixture of asphalte and benzine, after which hot asphalte 
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Cement conc'*' 

Fig. 4- 
This layer is then followed 



tig. 3- 
is poured to a thickness of ^in 
by a I in. thickness of asphalte mastic made in the proportions 
of one asphalte to four of limestone screenings (fig. 3), and 
upon this another layer of pur asphalte ^in. in thickness, 
sand being usually sprinkled over the top to harden the sur- 
face. 

Sometimes the procedure is to clean the surface of the 
steelwork and then paint it with hot asphalte and benzine, 
and upon this to lay a ^in. coat of asphalte, thoroughly mop- 
ping it against the vertical surfaces. The trough is then 
filled up to within say 3ins. of the top with Portland cement 
concrete, say one cement to six limestone screenings. When 
this is thoroughly set and dry the remaining depth of trough 
(fig. 4) is filled in with mastic, and this upper layer is carried 
well over the tops of the troughs and laid to fall for the 
water, this being in turn covered with a ^in. or fin. layer of 
pure asphalte. 

The surface of the ironwork is not always cleaned before 
the first application of the asphalte, and it is even now con- 
sidered doubtful by some engineers whether the adhesion is 
not just as good when the cleaning is not attempted. It is 
very often found indeed that no matter what care is taken, the 
asphalte can be peeled off the ironwork like a sheet of paper 
directly it becomes cold. 

If the steelwork is rusty, asphalte has absolutely no ad- 
hesion to the metal at all, and if it is applied to the shop 
coat of oil or red lead there is very little better result. It is 
better when the shop coat is covered with liquid asphalte, and 
when the shop coat is burned off by pouring benzine over it 
and setting fire to the benzine the result is again slightly 
better. With clean bright steel, however, the adhesion of 
the asphalte is far better than in any of the other cases, but 
to ensure this condition being perfectly fulfilled it would be 
necessary to employ the sand blast over all the surface of 
the metal, which is practically out of the question. If the 
metal is rubbed with wire brushes or scraped the result is not 
much better. Burning benzine over oil or paint has been 
found in some cases to have very little effect except to soften 
the coating, and repeated burnings by this process would be- 
come very expensive. Concentrated lye and lime has been 
tried for the removal of the coating with some success, but 
some of the lime will inevitably remain on the iron, especially 
near the rivet heads, no matter how it is washed off, and 



this is, of course, injurious. Perhaps the best practical method 
is to make asphalte very liquid by pouring hot a.sphalte into 
benzine and painting this over the shop coat on the metal. 
In this case the benzine evaporates, but leaves a thin layer of 
asphalte on the metal, and with two coats a layer of perhaps 
i-i6in. will be found upon the surface. 




FiR. 5. 

The requirements as regards the asphalte damp proof 
covering are that it shall be sufficiently hard to resist the 
weight upon it without spreading, but at the same time that 
it shall have ductility enough not to crack under tension or to 
tear apart under changes of temperature. 

Concrete is without doubt the best material with which 
to fill in the troughs of railway bridges, but the top sur- 
face will not keep out the wet unless it is covered by a water- 
proof coating. In all cases, as we have said, expanded metal 
or wire netting should be used to prevent tearing away over 
the intermediate supports of bridge floors, but perhaps a 
series of small rods, Jin. to Jin. in diameter, parallel to the 
main girders, could be used in such places with better ad- 
vantage and economy. Where felting or brattice cloth is 
used to cover the concrete it requires to be protected either by 
a neat cement layer, say 2ins. in thickness, or by a course of 
bricks laid flat and grouped with either cement or asphalte. 




Fig. 6. 

Preferably only the best of asphalte should be used for the 
purposes named, free from coal tar or turpentine, and the 
specification should demand that it shall not volatilise more 
than one per cent, under a temperature of 450^ Fahr. 
for 10 hours. It should not be afl"ected by a 20 per cent, 
solution of ammonia, or 25 per cent, solution of sulphuric 
acid, a 35 per cent, solution of muriatic acid, nor by a saturated 
solution of sodium chloride. It should not flow under 212"" 
Fahr., and should not become brittle at 15° Fahr. below zero. 

When hot asphalte is applied to metal the ironwork should 
be heated by a layer of hot sand, which is, of course, swept 
back as the hot asphalte is applied. The asphalte should be 
heated before application to 4^'5ijfflfea t^^jNj^^"^ ^*w 
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screenings laid upon the work should be quite free from earth 
and dirt, and should also be applied hot. 

Of course ballast is not used on all railway bridges. In 
many cases it is found necessary to use longitudinal timbers, 
i6ins. or i8ins. in width, underneath and parallel to the rail, 
and in most of these cases the timbers 
rest directly on the ironwork of the 
bridge without any intervening thick- 
ness of ballast. In the "ancient*' days 
of bridge construction, where floor 
plates were first used they were made to curve downwards 
towards the sides of the timbers (fig. 6) in a way that must 
have been most deleterious to the timbers. Later on it was 
discovered that it was equally easy to place the curved floor 
plate with its concave surface upwards (fig. 7), so that the 




Fig. 8. 



water that fell on the bridge was collected away from the 
timbers instead of being directed to fall towards them. 

In this case outlet pipes are required to be tapped and 
screwed into the floor plates at distances of about 5ft., or, 
better still, at whatever points water is found to lodge. 

Where girders lie under timber floors, and especially in 
the case of cross girders, some amount of protection may be 
given to the girders by covering them (fig. 8) with a layer of 
zinc or lead turned down over the edges, as shown in the 
figure, but in this case it will be necessary to introduce a layer 
of felt between the girder and the zinc covering to obviate any 
possible chemical or galvanic action and to preserve the zinc 
from the rivet heads, and also to add another covering, say of 
boards, say lin. in thickness, carefully jointed and placed 
over the zinc to protect it from the pressure of the floor above 
it, and from wet. 



New 4—4—0 Type Locomotives Caledonian Railway. 

Since his appointment to the position of chief locomotive 
engineer on the Caledonian R. in 1895, Mr. J. F, Mcintosh, 
M.Inst. C.E., has introduced several types of locomotives, 
both for passenger and goods service on that line, and in 
each case the engines have been noteworthy for simplicity of 
design combined with ample boiler power, whilst the cylinder 
capacity, although in all cases suflScient, has been kept in 
proper ratio to the steam generating power of the boiler 
allowing for the maintenance of a reserve on the part of the 
latter to meet the most stringent conditions of working. In 



These engines, which constitute the fourth successive de- 
velopment of 4-4-0 passenger locomotives which Mr. Mcintosh 
has designed for the Caledonian R., are substantially of the 
same design as those of the famous *'Dunalastair** class put 
to work in 1896, with which the series, culminating in the 
engines now under notice, may be said to have been started. 
The development has been wholly one of dimensions, and in 
this latest series proportions have been reached which in some 
respects may be regarded as maximum for the British loading 
gauge. 

The engines are engaged in working; heavy express pas- 
senger trains on the Caledonian main line, including the West 



New 4 — 4 — o Type Express Locomotive ; Caledonian Railway. 



his latest class of 4-4-0 express passenger engines, 
one of which we illustrate herewith by photograph and sec- 
tional drawings, Mr. Mcintosh adheres in the fullest sense 
to the characteristics referred to above, and, as will be 
gathered from the annexed drawings and the dimensions 
which follow, the size and arrangement of the boiler are such 
as to ensure an adequate supply of steam being at all times 
forthcoming for use in the somewhat moderately proportioned 
cylinders employed, which, taken in conjunction with the fact 
that the diameter of the coupled wheels is kept down to 
6ft. 6ins. on tread, has the effect of providing an unusually 
powerful engine, of straightforward design, and arranged 
upon a total wheelbase of 23ft. loins., of which 9ft. 9ins. 
separates the centres of the coupled wheels. 



Coast corridor vestibule trains, between Carlisle, Glasgow, 
Edinburgh, Perth, Dundee and Aberdeen. On these services 
trains equal to 19 to 21 coaches and weighing from 
350 to 400 tons are frequently made up and the speeds rule 
between 45 and 50 miles per hour. On the southern section 
assistance is only taken on the Beattock incline, which rises 
600ft. in 8 miles and is 9J miles long, with an average gra- 
dient of I in 75. The 4-6-0 type express passenger locomo- 
tives Nos. 49 and 50, designed by Mr. Mcintosh, which have 
2 1 ins. by 26ins. cylinders and three pairs of 6ft. 6ins. diameter 
coupled wheels, are able to work these trains single-handed 
over the incline, but this is not, of course, to be expected \v!i i 
the four coupled engines, in view of th^ lo^ids and average 
speeds required. 
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Lagos Government Railway, 1904-6. 
The report of the general manager, Mr. F. Bedford Glasier, 
of the Lagos Government Railway, for the year ended 31st 
March, 1905, states that : — 

The special ballasting was vigorously pushed forward. 
The ;^6,ooo sanctioned was utilised before the close of the 
financial year and a further £62g was spent against the fur- 
ther sanction of ;£,' 10,000 communicated under Secretary of 
State's despatch No. 56, February 13th, 1905. It was at first 
considered that this expenditure might be incurred gradually, 
mostly through the agency of the maintenance department, 
and by the intermittent labour of the regular maintenance 
gangs. But the condition of the road on the lower section, 
where ** selected material'* instead of ballast had been so 
largely used during construction, indicated the desirability 
of a more vigorous prosecution of the work, especially in 
view of the advancing wet season and its influence on up- 
keep. The engineers of the open lines had fortunately the 
expert advice of Mr. Bradford, resident engineer of the 
Oshogbo Extension, who had then just recently arrived in 
the Colony. It was decided, with the approval of Govern- 
ment, to lift the road 6 inches, and to relay it on stone bal- 
last. This work is now in hand and is making satisfactory 
progress. A distinct improvement in easy running is already 
noticeable over the reballasted section. 

The total expenditure to the 31st of March last on the 
Iddo Wharf Extension amounted to £28^023. This work 
continued to make satisfactory progress during the year, and 
the^ expenditure, measured by work done, falls within the 
limits of the sanctioned estimate. It is expected the wharf 
will be sufficiently advanced to admit of being utilised for 
public traffic by September, 1905, if not earlier. In January, 
1905, Mr. Woodburn, the bridge engineer in charge of the 
Iddo Wharf Extension, assumed control of the capital works 
at headquarters now in progress. The general manager 
desires to place on record his appreciation of the valuable 
assistance he has received from Mr. Woodburn in engineer- 
ing matters, and of the satisfactory manner in which that 
officer has performed his duties on the railway. 

A comparatively large sum has been paid for land adjacent 
to the headquarters location in order to effect the removal of 
the insanitary native huts in close proximity to the railway 
staff quarters. 

The sanction of the Secretary of State was received in 
December, 1904, to the commencement of operations on the 
construction of the extension of the railway to Oshogbo, 
about 70 miles. The survey party, with instructions to fix 
the final alignment, arrived in December last and were fol- 
lowed shortly after by Mr. W. Bradford, the resident en- 
gineer, and his staff. To the end of June, 1905, 24 miles of 
track are reported to have been staked out, while the earth- 
works are being pushed forward. A separate departmental 
staff was at first deemed necessary for construction purposes, 
but it has since been considered desirable to place the ac- 
counts department under the supervision and direction of the 
open lines chief accountant. It is probable that it will be 
found equally advantageous to utrlise, in like manner, the 
experience and local knowledge of the other open lines depart- 
ments for construction requirements. The existence of a 
fully equipped staff competent to undertake the proper move- 
ment of materials and the supervision and working of the 
rolling stock employed on construction will probably render 
unnecessary any large expenditure on separate establishments 
for purely temporary purposes. 

In accordance with previous instructions of Government 
the last half-yearly report was for the six-monthly period 
ended September, 1904, to correspond with the official year. 
This was the first report on the working of the railway com- 
piled for the financial half-year, all previous reports having 
been, in accordance with the usual custom of railways, for the 
calendar half-years. It is, however, understood that front 
January ist, 1906, the Colonial Estimates will be framed for 



the calendar year, and hence, the railway reports will con- 
sequently revert to the calendar periods. 

The Secretary of State, having decided that the reports 
on the working of the railway need only be annual, and not 
half-yearly as previously, the remarks in the present report 
apply to the 12 months ended March 31st, 1905, compared 
with the calendar year 1903. The accounts and traffic 
statistics now presented are for six months only, the. figures 
pertaining to the first half of the past financial year having 
been previously reported for that period. In due course, 
the ordinary comparisons will be made for similar periods, 
so that the relative results may be more usefully considered. 
The figures for the official year 1904-05 are ndw contrasted 
with the calendar year 1903. They thus relate to dissimilar 
periods, and to that extent are vitiated by seasonal and other 
differences. 

The general results of the year ended March 31st, 1905, 
are shown in the following table in comparison with the total 
of the two half-years 1903 : — 

Calendar Year, Financial Year, increase 

1 90 J. 1904—05. 

Gro:searnipgs ... /,5»|259 ^^60,336 ^9i077 

Per open mile ... 408 481 72 

Per train mile ... o o o 



Working expenses. . . 45.863 
Per open mile ... 365 

Per train mile ... o 



53.394 

4^5 
o 



7,531 
60 



Net earnings ... 5»396 6^942 1,546 

Per open mile ... 43 55 12 

Per train mile ... o o o 

While there is an increase in expenditure of 17^ per cent, 
per open mile and 8^ per cent, per train mile, the income has 
also increased by 17^ per cent, and 9^ per cent, respectively, 
giving an increase in net earnings over 1903 of ;^i,546, or 
zSi per cent, on the average receipts per open mile and 18 
per cent, on the average per train mile. The additional cost 
of working is wholly the result of the increased cost of main- 
tenance of way and works and the completion of .the con- 
struction of the railway, as explained in the portion of this 
report relating to expenditure. Judged on the basis of vol- 
ume of traffic handled, the expenditure for running charges 
shows a reduction during the 12 months ended March, 1905. 

The total receipts show an increase of ;^9,077, or 17^ per 
cent., but there was a falling off in the coaching traffic for the 
year of ;^999. The nuniber of passengers was 116,267, an 
increase of 16,203. This traffic produced a revenue of 
;^i3,94i, a decrease of ;^32i. 

The average results of working the coaching traffic are : — 

Per train mile. Per vehicle mile. Per unit mile. 

Year ended Dec. Mar. Dec. Mar. Dec. Mar. 

1903. 1905. 1903. 1905. 1903. 1905 

d. d. d. d. d. d. 

Average receipts . 97*29 101-94 ... 1318 13*20 ... .90 -91 

„ cost ... 9990 10720 ... 13-53 1385 ... '93 96 

„ loss ... 261 526 ... 35 65 ... 03 05 

Year ended Dec. 03. Mar. 05 

Average number of passengers in a train ... io7'62 1 1 1*45 

„ „ in a vehicle 14-58 14-43 

It will be seen that the passenger traffic continues to be 
worked at a loss. This is more particularly so in the case of 
first class, which only contributes an average of 2^ passen- 
gers, or under 30s. a train. Had each first class compart- 
ment been filled with goods freight, the receipts would have 
been at least sixfold. The continuance of three distinct 
classes is, therefore, a matter for consideration, and their 
retention would apparently involve the first class fares being 
enhanced to cover the cost of working the traffic. The first 
class fare on this railway was increased to 3'4d. a mile on 
January 1st, 1905, but is still below the fare on adjacent rail- 
ways. The Gold Coast Railway charges 5d., the French 
Guinea 4'8d., and the Kayes Niger 4'2d, a 
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The striking feature of the goods traffic is that public 
merchandise carried has increased 41 i per cent, in weight 
and 33 per cent, in receipts. This is very satisfactory, for at 
16 out of the 19 stations the traffic has increased. 

The average results of working the goods traffic are : — 
Per Train Per Ton Per Vehicle 

mile. mile. mile. 

Year ended Dec. March Dec. March Dec. March 
1903. 1905. 1903. 1905. 1903. 1905. 
d. d. d. d. d. d 

Average receipts 105*95 11383 2*63 2-92 16-28 17-56 
„ cost... 86-50 gr^o 2-11 2-37 13-55 i4'iS 
„ profit... 19-45 21-43 '52 -55 2*73 3*3* 
Year ended Dec. 1903. March '05. 
Average No. of tons in a train ... 4022 3^*94 

Average No. of tons in a vehicle ... 6-18 6-oo 

The decreased average of loads per train and per vehicle 
is due to the larger quantity of cotton handled during the 
latter period. This traffic has hitherto been carried by weight 
and not by measurement. The density of the bales, as now 
pressed, leaves much to be desired. 

. The work done by the railway is indicated by the follow- 
ing figures : — 

Year ended Dec. 31, '03. Mar. 31, '05. 

Train miles 118,299 126,709 

Vehicle miles 8o9j^79 884.088 

No. of passengers ... 100,063 116,267 

Tonnage of goods 24,529 34,7^9 

Unit mileage 4,911,934 4,593i366 

Ton mileage, goods 2,922,620 3i396,776 

♦Gross ton mileage 17,805,744 19,112,912 



Receipts per 
Average open mile . . . 
Average train mile . . . 
Average passenger mile 
Average ton of public goods 



;£ s. d. £ s. d. 

408 8 9-2 408 15 1*7 

087-9 ° 9 ^*3 

025-4 02 4*7 

I 5 n'9 I 3 'o'3 



Indigenous Skilled Labour.— In 2l former report, mention 
was made of the approved scheme for the successful training 
of native youths as artizans. The necessity of replacing, at 
the earliest possible date, a large proportion of the expensive 
European skilled labour, in the railway shops, by adequately 
trained native artizans has often been referred to, and 
arrangements are now being brought to a head by which 
some native youths will be sent to England, and placed m 
the workshops of engineering firms, for a suitable period, as 
bonded apprentices. There is good reason to hope that the 
issue of the experiment will be sufficiently successful to war- 
rant other youths being sent, after a period of probation in 
the shops here, to undergo the same training in England, and 
the system may thus be extended in the course of years until 
the expensive European staff in this department may be re- 
duced to the small number sufficient for expert supervision 
and superintendence only. 

The length of the track maintained was 132 miles 28 
chains, of which 6 miles 68 chains are sidings. The cost per 
mile for maintenance was ;^56 17s. sd. 

The rolling stock consisted of 5 light and 12 heavy loco- 
motives, 28 carriages and 132 wagons. 



•Freight and dead weight. 
The increase in maize traffic has been satisfactory. In 
1902 the traffic was only 144 tons, which produced £79; in 
the year 1904-5 it was 1,523 tons, and the receipts ;£^702. 

To promote agriculture and to develop this industry the 
freight on the railway has been placed at the very low figure 
of los. 6d. a ton from any station to the coast terminus for 
full truck loads. The steamship charges are, however, still 
maintained at a relatively high figure, and it is to be hoped 
that the repeated representations of the leading merchants 
in this connection will receive the consideration they deserve 
from Messrs. Elder, Dempster and Co. 

The working expenses absorbed 884 per cent, of the gross 
earnings (compared with 89- 47 per cent, for 1903), and were 
distributed as follows: — Way and works, 21*31 per cent.; 
loco, car and wagons, 41*31 per cent; traffic, 1664 per cent.; 
general, 20*74 P^*" c^"^- 

The expenses have averaged ;^425 per mile open and 
8s. sd. per train mile, as compared with ;^365 and 7s. gd, 
during the year 1903. 

In regard to fuel, it is gratifying to be able to record that, 
although the result does not affect the figures for the year 
under review, the continued agitation for a reduction in the 
price of coal has, at last, been Instrumental in bringing that 
very important item of expenditure down to 32s. 6d. a ton. 
Early in the present year, tenders were invited by Govern- 
ment, and a contract was entered into with Messrs. Elder, 
Dempster and Co., the previous suppliers, with effect from 
April, at the figure named, showing a reduction in the price 
of fuel of 12s. 6d. per ton, or 28 per cent. The change to 
liquid or other fuel which was contemplated is now no longer 
a matter demanding immediate consideration. The recent 
action of Government, therefore, removes one o/, the heavy 
disabilities which pfdyented the economical movement of 
traffic on this railw-a^fv/ , , 



Bow to East Ham Widening; London, Tilbury and 
Southend Railway.— 1 
By Chas. S. Lake. 
Those who are interested in the railway traffic problem in 
the vicinity of London, and especially those who are ac- 
quainted with the conditions prevailing within the suburban 
area, on the lines leading eastwards from the Metropolis, 
will find a study of the manner in which a complicated form 
of the problem referred to has been solved on the London, 
Tilbury and Southend R., by means of important widening 
works which have recently been completed within the London 
suburban district. 

In order that the scope of the undertaking which has 
now been carried to a successful issue by the company's 
Chief Engineer, Mr. James. R. Robertson, M.Inst.C.E., and 
those working under him, may be properly appreciated, it 
will be necessary to briefly outline the state of affairs which 
existed on this railway prior to the commencement of the Bow 
to East Ham widening works, which form the subject of the 
present article. 

Although the trains of the London, Tilbury and Southend 
R. have direct access to Fenchurch Street Station, the com- 
pany's main line actually commences at Gas Factory Junction, 
some 2J miles distant from the terminus, where a junction is 
effected with the Blackwall R., which is leased to the Great 
Eastern R., and over which the Tilbury and Southend trains 
travel, by the exercise of running powers, to the terminal 
station at Fenchurch Street. 

It will not be necessary for present purposes to refer back 
further than the date upon which the Whitechapel and Bow 
R. was opened, viz., June 2nd, 1902. The completion of 
this undertaking, which is owned jointly by the Tilbury and 
the Metropolitan District Companies, enabled the District R. 
to run their trains through Whitechapel, which till then had 
been their terminus, on to the L.T. and S. main line at 
Campbell Road Junction, from whence the service was ex- 
tended to East Ham, and (in the case of a few trains) to 
Upminster. 

About I mile beyond Campbell Road Junction, at a point 
immediately west of Bromley Station, a branch of the North 
London R. from Bow joined the L.T* and S. R,, and thp 
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former company's trains also used the same rails as far as 
Plaistow Station, where the service terminated. 

To further complicate matters, the Crept Eastern R. Co. 
then (as now) maintained a frequent service of trains between 
Fenchurch Street, North Woolwich and the Royal Albert 
Docks, and which in the course of their journey passed over 
the L.T. and S. lines from Gas Factory Junction to Abbey 
Mills Junction, the latter being situated about i mile east of 
Bromley Station. 



volume of traffic with which the owning company had to 
deal, and the constant delays to which their trains were sub- 
jected, it was decided that the line would have to be doubled 
as far as East Ham, a distance of about 3J miles from Camp- 
bell Road. The necessary Parliamentary powers were ob- 
tained in 1898 for the portion between Plaistow and East 
Ham, and in 1902 for the portion between Campbell Road 
and Plaistow. Districts became developed and traffic in- 
creased, and further consideration of the traffic problem deter- 



'>w»J./twonBU -*v* 



#^ 





Fig. I. — Diagram of Lines and Junctions between Fenchurch Street and Barking. 



Therefore, in all four separate companies used the single 
pair of lines, which then constituted the L., Tilbury and S. 
main line, through one of the most congested suburban areas 
near London. These comprised the L.T. and S. trains, the 
Great Eastern trains to and from Abbey Mills Junction for 
Woolwich, the District trains from Campbell Road Junction 
to East Ham and Upminster, and the North London trains 
between Bromley and Plaistow. (See fig. 1.) In addition the 
last-named railway worked a heavy goods traffic from the 
L. and North Western, the Great Western and other railways 



mined the directors to get the sanction of Parliament to the 
widening from East Ham to Barking, which was obtained in 

»904- 

The widening works carried out under these poweris have 
recently been completed between Campbell Road and East 
Ham, and by enabling one class of traffic to be separated from 
another have afforded the relief so urgently required. 

Furthermore, the completion of four lines to East Ham 
marks the advent of electrical trains on the District R., and 
the Tilbury Co., by the work they have done, are now in the 




Fig. 2.— Diagram of Widened Portion of Lines ; Bow to East Ham, L, T. & S. Ry, 



Z Miles 



through to Plaistow, where the exchange is made with the 
L.T. and S. R. and to the L. and N. W. R. Co.*s depot at Up- 
ton Park. The Tilbury and Southend Company also worked 
a number of goods trains between their system (including 
Tilbury Docks) and their chief goods depdt at Commercial 
Road, London. Add to this the fact that many of the Tilbury 
Co/s trains were expresses, for which long intervals between 
slow ones had to be allowed, and it will be readily recognised 
that under these conditions the observance of punctuality by 
the various services became a matter of the greatest diffi- 
culty, if not impossibility, and in view of the ever increasing 



fortunate position of possessing one pair of roads for st^am 
and the other for electrical traction. 

In igo2 the work of widening (see fig. 2) was begun at 
East Ham, but in order to simplify this description it will 
be advisable to consider the scheme as a whole, commencing 
at the London end, without reference to the order in which 
the various sections were completed. The widened lines may 
be said to start at Campbell Road Junction, where, as before 
said the W^hitechapel and Bow R. joins the London, Tilbury 
and Southend main line. ^^->. j 

On August I St last t^irt?^^ 6^^'^''^^^^ ^^^ ^^^^^ ^"^^ 
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length were brought into use from this point onwards to East 
Ham, and the District Company's trains, instead of passing on 
to the down Tilbury main line at the Junction as heretofore, 
now remain clear of the latter by utilising the new down 
** local '* line, which forms a direct continuation of that tra- 
versed in coming from Whitechapel to Bow. 

In like manner the District trains running in the opposite 
direction utilise the new up **locar* line, which is also quite 
distinct from those worked over by the Tilbury and Southend 
and other trains to Fenchurch Street, which are now con- 
sidered as ** through *' roads to be kept as clear as possible 
for the fast and longer distance trains. 



Fig. 3.— Campbell Road Junction, Starting Point of the Widened Lines. 

The widened lines immediately after passing the point 
which marks their commencement are carried, together with 
the other portion of the railway, over Campbell Road Bridge 
(see fig. 3), and the level of Campbell Road has been lowered 
by 3ft. 6ins. in order to obtain the necessary headway. 

A bridge of somewhat novel design with suspended girders 
over the footway, constructed at the time the Whitechapel 



string girders (see fig. 4), the top members of which had 
a very ingenious combination of cast iron segments to take 
the compressive strains rivetted to the wrought iron flanges. 
The floor was of baulk titubers, on which rested the timber 
longitudinals carrying the rails. 

This bridge, which had done duty (with some strengthen- 
ing about 20 years ago) since March, 1858, the year in which 
the Bow to Barking Branch — as it was then called — of the 
L., Tilbury and S. R. was opened for traflfic, has since been 
replaced by the present braced steel girder bridge, which 
came into use on July loth, 1904. (See fig. 5*) 

The new bridge, with the other bridges on the widening, 
will, accompanied by detailed drawings, be made the subject 
of a second article in the November issue of the Railway 
Engineer. 

From Rounton Road Bridge, the actual starting point 
of the widening, a little to the west of Campbell Road Bridge 
(the existing girders and flooring of which were shifted bodily 
northwards in one night), to the North London R. Bridge, the 
widened lines are carried between the bridges on arches built 
of gault bricks faced with blue Staff^ordshire bricks, but be- 
yond the latter bridge stock-bricks were employed for facing 
purposes. 

Burdett Street is crossed by a steel bridge of 40ft. span, 
having centre and outside girders with steel trough flooring- 
From this point to the junction with the North London branch 
railway the line is carried on embankment, supported orr the 
outside by a concrete retaining wall surmounted by a stock- 
brick parapet. The branch of the North London R. from 
Bow here joins the widening, which then crosses Dcvons 
Road by the bridge formerly used by the branch line only, 
and to which a new superstructure has been put by the Tilbury 
Company. 

Beyond this point there previously existed a retaining 
wall following the course of the North London branch. At 
Bromley Station this wall, which formed the backing to the 
then down platform, has now been partially removed, and a 



!•»£• A' — Bridge over the North London Ry. 

and Bow Railway was made, had to be removed to make way 
for the new one, which is of plate girders, with brick jack- 
arches, the new abutments being faced with white glazed 
bricks. 

Then comes the bridge over the North London railway 
and locomotive and carriage works at Bow. Formerly the 
L., Tilbury and S. R. was carried over here by a bridge 
of about 140ft. span, with three wrought iron braced bow- 



Fig. 5.— Bridges over N.L.R. at Bow. Bridge on left is for the Widening, 
Bridge on right replaces former bridge for old line. 

new concrete retaining wall constructed. A double line of 
rails and a new platform behind it on land acquired from the 
Borough of Stepney Union has been added. 

The alterations carried out at Bromley Station incJude 
the conversion of the old down single platform to one of the 
island type, for use in connection with the new up local 
line, whilst an additional platform has been provided for 
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passengers by the down local line trains. At the West or 
London end of the Nation access to the platforms from 
Devons Road has been provided, and a booking office also 
established here. A footbridge communicating with all the 
platforms has also been erected for the use of passengers near 
the west end of the station. The old awning over the down 
platform has been taken down and re-fixed over the new dow n 
platform, and a new double awning substituted in its place, 
whilst the signal-box which originally stood on the up plat- 
form, about midway in its length, has been removed, and a 
new one erected on the south side of the up through line at 
the London end of the station. 



; Fig. C— New Bridge over River Lea and Bow Creek, L.T. & S.R. 



the work. The main booking office, which is located at this 
end of the station, has not been altered, but an approach to 
the new down local platform has been provided by means of 
a covered food-bridge and staircase. 

From the point of its commencement at Campbell Road 
Junction to the east end of Bromley Station the widening is 
wholly situated on the north side of the railway. At the west 
end of the River Lea Bridge it is on the south. At about 
} mile from the end of the platforms the River Lea, with 
Bow Creek adjoining, is crossed by means of a braced steel 
bridge (see figs. 6 and 7) of two spans of 200ft. each for 
the new lines, whilst the original lines are carried upon a 
bridge of the same span close alongside. The differences in 
in the construction of these bridges will be described in the 
next article. 

The new bridge was brought into use on August ist this 
year. By the evening of July 31st the new lines had been laid 
as far as possible up to the north and south sides respectively 
of the old double road (on which all the trains were then run- 
ning) ready for the alterations to four roads to be made be- 
tween the station and the bridge directly the traffic stopped 
for the night, only a few hours being available. On the night 
in question the old double lines were severed at a point 
200 yards east of the station, the portion of them 
on the east side of the break being slewed to the 
north to join the new local lines on that side, and 
the other portion to the south, where they were connected 
up to the through tracks leading to the new bridge. The 
work of slewing the four roads and making the necessary 
connections was carried out in a few hours during the night, 
everything being completed and ready for the resumption of 



Fig, 7.— Double Span Bridge over ihc River Lea and Bow Creek, L.T. & S.R. 



This new signal-box is considerably larger than the old 
one, and contains 75 levers, as compared with 35 in the old 
box. 

At the east end of Bromley Station St. Leonards Street is 
carried over the railway by means of a bridge constructed 
of steel girders with brick jack-arcJies. This bridge has 
been made 50ft. in width over the new lines to meet the future 
requirements of the London County Council, whose intention, 
presumably, is eventually to widen the street. The bridge 
carrying the road over the older portion of the railway re- 
mains at present as originally constructed, viz., 31ft. wide, 
and the extra width of the new portion has been fenced off 
until such time as the L.C.C. decides to perform its part of 



traffic on the following morning — an especially commendable 
piece of work. 

After passing over the Lea and Bow Creek bridges the 
railway continues in a direct line to West Ham Station, about 
half-way to which is Abbey Mills Junction. 

The level crossing which formerly existed at this point, 
and which gave access to the Gas Light and Coke Company's 
Works at Bromley-by-Bow has been removed, and a new 
accommodation road made under the railway with sunk ap- 
proaches on each side, that on the north being formed between 
retaining walls supporting the railway on one side and a public 
road on the other. 

Very little alterations were necessary to West Ham 
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Station, as its construction only dates from 1901, at 
which time the company had already decided upon the 
widening scheme. The two island platforms remain 
as originally constructed, but the two roads whch, under 
the original arrangement, branched off the main line at 
the east of the station and terminated alongside the outer plat- 
forms (and so were merely bay roads) have now become part 
of the widened lines, that on the north side being the down 



veyed from the pumping station at Abbey Mills to the outfall 
works at Barking. Considerable alteration had to be made to 
this bridge. A widening of it designed to meet the require- 
ments of the railway company was first carried out by the 
Council for their own purposes, and after the sewage was 
diverted into the new conduits the old bridge was altered lo 
give the same amount of room for the lines of rails to be laid 
under it. Originally it had one opening of 25ft., through 



f'jg' 9»— Staircase and Footbridge at Plaistow Station before re-building. 



) ig. 10. — Staircase and Footbridge at Plaistow Station after re-building. 



Fig. II.— Plaistow Station from West end after re-building, L.T. & S.R. 



** local *' and that on the south the up ** through '* line. Two 
new bridges, each having three spans and carrying one set 
of rails, have been erected, one on each side of the railway. 
These carry the new roads over the Woolwich branch of the 
Great Eastern R. and also over Manor Road, West Ham. 

Just before reaching Plaistow, the next station, the line 
parses under the bridge supporting the London County Coun- 
ciPs northern outfall sewer, by means of which the drainage 
of the Metropolis on the north side of the Thames is con- 



which the double line passed, and in addition there was a 12ft. 
opening at each side, sufficient for a single line, used principally 
for shunting purposes but not for passenger trains. These two 
12ft. openings have each been widened out to 26ft., and the 
company have now, six lines in all passing under the bridge, 
four of them being the main roads, and the remaining two 
shunting roads for use in connection with the locomotive 
works and goods yards on the Plaistow side of the bridge 
and the extensive carriage sidings on the West Ham side. t 
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Plaistow Station (sec fi^s. 9, 10 and 11) has been prac- 
tically remodelled throughout, and now comprises three plat- 
forms, each 600ft. long. The middle one is entirely on the 
island principle, whilst the outer ones, besides being- used 
throughout their length on one side, also accommodate two bay 
lines (one of which is used by the North London trains), and 
which terminate about half-way up the length of the outer 
platforms. The old up platform has been moved back about 
lift, south of the position it formerly occupied, thus making 
room for the new up through road, whilst the old down road 
has been entirely removed and a new platform built along 
the north side of the original up road, now become the new 



Between Plaistow and East Ham the railway has been 
widened on both sides, so that one of the new lines is on each 
s'de of the old pair. When the widening was completed the 
new line on the north side and the old down main line be- 
came respectively the down and up ** local *' lines, and these 
have since been equipped for electrical traction. The old up 
main line and the new track on the south side became respec- 
tively the down and up ** through ** lines. 

The railway for the whole length between Plaistow and 
East Ham is in cutting, and except at the stations no fresh 
land had to be acquired, as there was enough room to widen 
the cutting sufficiently to allow of four roads being laid on it. 



Fig. 12. — Ptlly Road Brid;;e before rc-building. 



Fig. 13.— Pclly Road Bridge after re-building. 



^'g- i<,— Plashet Lane Bridge before re-building, 
down '* through,*' so that in all there are four lines of railway 
passing through the station and two outer ones terminating at 
a point near the centre of the outer platforms. 

All of the platforms are constructed of concrete walls, 
with York stone coping, and the awnings are carried by lattice 
girders mostly of 40ft. span supported on cast iron columns. 
The appearance of the stations is decidedly attractive : an 
artistic style of decoration has been adopted and a judicious 
blending of colours employed in painting the iron and wood- 
work. The former is of bronze green relieved with lining and 
the latter of light stone colour. The platform awnings are 
provided with central skylights throughout their length. A 
new signal cabin containing 128 levers has been erected at the 
west end of the station. ... 



Fig. 15.— Plashet Lane Bridge after re-building. 

It was decided to provide a space of loft. 6ins. between 
the two sets of passengers lines in order to make room for 
supports to bridges, signal posts and such works being erected 
between the lines, without interference with the proper gauge. 

Six public road overline bridges had to be reconstructed. 
Examples of these are shown in figs. 12 to 15. These were 
all 25ft. span over the railway and about 25ft. between the 
parapets for the roadway. Five of them were constructed of 
cast iron girders, with brick jack arches carried on brick 
abutments. The sixth had a brick arch over the line. 

The following principal alterations had to be made in con- 
structing the new bridges : — 

The span over the line increased from 25ft. to 5:2 

The width of the stre<f^jl|p^^gegyt!^Je^^^g|30t0ijl0reased 



5ft. 
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from 25ft. to 40ft. and in some cases 50ft. and the depth of 
construction between the underside of the girder and the top 
of the roadway limited to 2ft. gins, to avoid as little increase 
as possible on the gradient of the public street approaches on 
each side. 

As the new bridges had to be constructed with a super- 
structure no greater in depth than the old ones, it was there- 
fore impossible to cross the four lines with one span. A 
support in the shape of a strong steel braced trestle was 
erected in the centre to form two openings with a clear span 



I oft. 6ins., but as the lines could not be slewed outwards until 
the old abutments were removed, it became necessary to erect 
a temporary bridge clear of the old one which would allow 
the existing lines to be slewed one north and one south. The 
company had in stock some old wrought iron girders suffi- 
ciently long to span the whole of the widening. Two of 
these were placed on the new abutments either at their east 
or west ends, as was most convenient, and a temporary road- 
way about 12ft. wide of timber was carried on them. The 
road traffic was diverted off the old bridge on to the temporary 



Fig. 16.— East Ham Station after re-building ; L.T. & S.R. 



on the square of about 25ft. each. The method adopted in 
carrying out the work of widening and lengthening these 
bridges was generally as follows : — A trench was excavated 
behind the old abutments in which the new ones were built. 
Half of the public road was closed and the other half carried 
on timbers over the trench, half of the old girders and arches 
over the railway being then removed. 

The next thing was to erect the steel trestle in the centre 
of the railway. Before this could be done, however, the 6ft. 
way between the up and down lines had to be increased to 



bridge and the whole of the abutments and girderwork of the 
old bridge were then removed. 

In the meantime the cutting on each side of the bridge 
had been widened, and as soon as the old abutments were 
removed the lines were slewed out until there was a space 
of loft. 6ins., as already stated, between them, the founda- 
tions for the trestles being then put in and the trestles after- 
wards erected on them. By this means the trestles were 
erected for their full length up to the level of the girders. 

Half of the superstructure, which consisted of steel girders 



Fig. 17.— Signal Bridge at East end of East Ham Station ; L.T. & S.R. 
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and brick jack arches, was then put in place and the new 
roadway formed over it. 

The public street traffic was aj»:ain diverted for the last 
time on to the half of the new road and the temporary bridg^e 
removed. This left the other half of the abutment and trestle 
clear for the superstructure to be finished, when the whole 
width of the road was finally opened for traffic. 

The station at Upton Park has been remodelled in the 
same style as that at Flaistow. The two original lines were 
displaced here to make room for a new island platform. 

At East Ham, the present terminus for traffic on the 
widened lines, the station (see figs. i6 and 17) has been almost 



vice of trains via Kentish Town between Moorgate Street and 
East Ham, which are accommodated in the bay road referred 
to at the north of the other lines. 

The new local lines are actually extended to a point known 
as Little Ilford sidings, about i mile beyond the station; they 
will eventually be continued on to Barking, the next station 
on the Tilbury and Southend main line. 

At East Ham Station a covered foot-bridge con- 
nects all the platforms. This is situated at the west 
end of the Midland bay platform. A capacious booking- 



Fig. 18.— No. 2 Signal Cabin at East Ham ; L.T. & S.K. 



Fig. 19. — General arrangement of Connections, East Ham, No. 2 Signal Cabin. 



Fig. 20. — East Ham Platform 

entirely remodelled and rebuilt. The company purchased a 
large area of land situated to the south of the railway at 
this point, and thereon placed the new lines and platforms 
and also brought into use a new goods yard of considerable 
proportions. 

The new station is set ved by 5 sets of rails, viz. : the 
two ** through *' lines between Fenchurch Street Station, Til- 
bury and Southend, the two additional ** local ** lines used 
almost entirely by the District Company *s trains, and the 
bay road for the branch line to Woodgrange Park. At the 
last is the junction of the Tottenham and Forest Gate Railway, 
owned jointly by the Midland, and the L., Tilbury and S. R. . 
Co., forming a continuation of the Tottenham and Hamp- 
stead R. Over these lines the Midland R, Co. run their ser- 



Starting Signals ; L.T. & S.R. 

hall is provided, and this has been rendered attrac- 
tive in appearance by the free use of white and 
brown glazed bricks for the walls, and varnished pitch pine 
for the woodwork of the roof. 

The signalling arrangements at East Ham are entirely 
new as a consequence of the widening scheme. There are 
two cabins, one at the east end and the other at the west end of 
the station. The former is of large proportions, measuring 
72ft. by 13ft. The floor is 8ft. above the rails. It contains 
136 levers. The cabin at the west end is 40ft. by 13ft.; the 
floor is also 8ft. above the rails. Its frame has 65 levers. At 
this end of the station there are two double line junctions, 
cross over roads and siding connections, making a total of 15 
pairs of points and 35 signals. From -No.^;c;iy«|^ the 
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east end are controlled three double line junctions, crossover 
roads and connections, making a total of 39 pairs of points 
and 75 signals. Fi;>s. 18 to 20 illustrate this cabin and also 
the signalling installations connected with it. In addition 
to the facing point locks, bars are provided, and these work 
simultaneously with all the trailing points having connection 
with the running lines, these bars being introduced to pre- 
vent the signalman in the cabin from operating the points 
until the trains are clear. This system is being adopted on 
all new works and has been found effective in obviating de- 
railments. The bridge signals, and bracket signals with more 
than two posts, are of the iron lattice work type; all main 
signals are provided with adjusting apparatus in the cabin 
so that the necessary adjustments may be carried out by the 
signalman as required, and all shunting signals are detected 
with the points to which they refer. Electrical locking be- 
tween signals and block telegraph working known as **Sykes 
lock and block ** system has been installed on the old and new 
lines for the distance between Campbell Road and the signal 
cabin on the country side of East Ham. This work has been 
carried out by the W. R. Sykes Interlocking Signal Company. 

It may be added that the traffic dealt with by the signal- 
men in No. 2 cabin necessitates upwards of 5,000 lever move- 
ments and 4,500 movements in connection with Sykes block 
working during 24 hours. There are upwards of 20 
miles of signal wire and 7I miles of point rod connections in 
use at East Ham Station, controlled from two signal-boxes. 
The new arrangements were installed by the Railway Signal 
Company, of Fazakerley, Liverpool, and the whole of the 
plant has so far given the greatest satisfaction in working. 

It must be borne in mind that the work entailed by the 
widening has meant a good deal more than merely running 
two lines of new way alongside the old ones. The existing 
one span overline bridges instead of being only lengthened 
were removed and longer ones with two spans erected in 
their place, carrying much wider roads over them, for which 
approaches on each side had to be found. The stations were 
not added to, but, being small and inadequate for the traffic, 
they were entirely rebuilt on a much larger scale. The signal 
work has been more than doubled, for the reason that in 
addition to the two new lines to be equipped, there are also 
the numerous junctions and crossover roads between the 
through and local lines at each station. To give practical 
proof of what this means, it may be stated that there are now 
in Plaistow Station cabin more levers than existed in all the 
cabins between Bromley and Barking before the widening 
was commenced. 

The engineer employed the men in his own department 
for carrying out all the earth work in the widening of the 
cuttings and embankments, and the ballasting and laying of 
the permanent way. 

The chief contractors for the new stations and bridges 
were Messrs. Mowlem and Co., Ltd., of Westminster, by 
whom the work was carried out with their usual thoroughness 
and expedition. The completion of the scheme may be said 
to have had the effect of metamorphosing the section of the 
railway comprised in it, so that in place of an inconveniently 
arranged and much overcrowded length in the most thickly 
populated district of their line, the L., Tilbury and S. R. Co. 
have secured a well-organised and well-equipped railway, by 
means of which they will be able to deal with even a larger 
\olume of traffic than heretofore without difficulty. 



In conclusion, the writer has to express his thanks to 
Mr. Jas. R. Robertson, M.Inst.C.E., engineer of the London, 
Tilbury and Southend Railway, for his kindness in providing 
facilities to inspect the new works, and to those members 
of his staff who have in various ways rendered assistance 
towards the compilation of this article. In addition thanks 
are due to Mr. Robertson for providing the photographs from 
which the accompanying illustrations have been prepared. 
There can be no doubt that the many difficulties associated 
with the work of widening the railway between Bow and East 
Ham have been overcome in the most creditable manner, and 
both the company and their engineer are to be congratulated 
thereupon. 



Recent Patents relating to Railways. 

These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Whealley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C*, 
from whom copies of the specifications can be obtained at an 
uniform price of 8^. each. 

Ventilators. 11^661, 3rd June, igos, J. Levick, MeUtl 
Spinning Works ^ Alma Street^ As/O'i, Birmingham, 
This ventilator, which is applicable to the roofs of railway 
carriages, consists of two perforated metal shells arranged one 
over the other with the inner one consituling the fix id body part 
of the appliance whilst the other is rotatable upon ths body for 
the purpose of opening, closing, and regulating or adjusting the 
size of the air passages formed by the perforations. The parts 




are pivotally connected to one another, whilst one of them Is pro- 
vided with an annular series of separated contacts or spheroidal 
studs, engaging with a corresponding circular groove, or channel 
in the other part, whereby the walls of the socketing shells are held 
out of friciional contact with one another, and a free and smooth 
action obtained without the use of ball bearings. {Acuptedy 2ofk 
July, igoj.) 

Locomotives. 15,948, iSth July^ igo^, R H. Trcvi- 
thick, Maison S«ares, Cairo, Egypt, 

The feed water of a locomotive or other combined engine and 
boiler is heated by causing it to pass through two communicating 




concentric annular chambers a, a^, arranged within the smoke 
box, and heated by the waste gases from the furnace, which are 
caused to pass from the central space a^ in the smoke box 
through an annular space between the concentric chambers before 
escaping to the smoke stack. Two tubulus vessels F, which 
communicate with the exhaust ports of the cylinders, serve ai 
preliminary heaters for the feed water. . . A spaijk f^nptff^^^ifP^ 
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provided, consisting of a perforated plate or wire netting h^ cover- 
ing the end of the central chamber fl-, through which the waste 
gases pass. (Accepted /ji/ijuly^ '905,) 

Rail Chair. ij.q^j. igth August^ /^/. J, Niancyfr^ 
J28y AUec^ Barmen^ Germany, 

The chair consists of a bed plate 3, surmounted on one side by a 
solid block or fixed jaw 4, which on the side facing the rail is so 
shaped that its outlines fit exactly to the corresponding outline of 
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the rail and its height is exactly the same as that of the latter. At 
a suitable distance from the block 4 the bed plate 3 is provided 
with a pyramidal projection 8 with a hole passing centrally 
through it for a screw bolt 9. A removable jaw 6 serves to fix the 
rail 5 on the chair. (Accepted 6th /uly, igo^.) 

Buffing and Draw Gear. 19,2^4^ 6th September^ IQ04. 
A. R, Hiii, District Loco Superintendent^ Khurda Road^ Bengal 
Nagpore Railway ^ and E, Stephens^ 75, Garden Reach y Calcuttx^ 
India. 

The coupling is performed automatically by means of the draw- 
bar I, which is formed with similar notches or lugs 2 at both ends 
and inserted between the pawls 3, which close behind the head 4 
and retain the draw-bar. A bent lever 9 is connected with the 
upper pawl and with a transverse operating shaft provided with 
hand cranks, and weights for keeping the upper pawl in the 
engaging position, whilst a spring 19 bearing against a lever 20 
keeps the lower pawl in the engaging position. Arms 16, 18 on 
the pivots of the pawls are connected by a pin and slot connection 



motion. To provide for hauling draw-bolts 29 are fixed to the 
buffer box 7, which pass through the springs 24. These draw- 
bolts are arranged to pass freely through holes in the headstock 
27, and are provided with washers 30, which bear against c he 
headstock under compression, but when the vehicle is hauled the 
draw-bar causes the buffer box 7 to slide in the casing 23, and 
the draw-bolts 29, acting through their washers 30, to compress 
the springs 24. (Accepted 6th July ^ ^QOS) 

Signalling Apparatus. i6,jQg. 2^thjuly, IQ04, J, P. 
GDouueJl, Paiac< Chambers^ Bridge Street^ Westminster, 

This invention relates to electric controlling apparatus for con- 
trolling the operation of a signal from two or more places on the 
railway. A box or casing 14 is mounted directly on the spindle 
or centre 13 on which the signal arm 9 works, and has a lug 15 
to which the usual operating rod connection 10 is attached. 
Within the box 14 is a disc 12 which is rigidly fixed to the spindle 
13, the box being rotatively mounted on the disc, and an electric 
clutch device is mounted on the disc. The electric clutch 
mechanism comprises an electro-magnet 16 mounted on a bracket 
1 7 on the disc 12, and a pawl 19 capable of engaging in a recess 
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and arranged to transmit to the lower pawl any motion imparted 
to the upper pawl. To avoid shock or jar to a vehicle the buffer 
face plate 21 is fixed to a frame 22 which is capable of movement 
in the casing 23. Within the casing 23 are provided springs 24 
arranged in cradles 25. Any push on the buffer face plate 21 is 
transmitted by the frame 22 and the buffer box 7 to the springs 
24, causing them to compress and the rods 26 of the cradles to 
pass through the headstock 27. Springs 28 are secured to the 
frame 22 and bear upon the buffer box 7, to maintain by their 
pressure the close contact of the buffer faces of two coupled 
vehicles, and thus avoid shock or jar to the vehicles when in 



20 in the casing 14. A bell crank 22, to which the pivoted arma- 
ture 23 of the electro-magnet is operatively connected, holds the 
pawl 19 in engagement with the recess when the magnet is ener- 
gised, thus locking the disc 12 and signal arm to the box or 
casing, so that when the box is revolved by the working of the 
connection 10 the signal will be operated. When the magnet is 
de-energised the signal arm is free to move automatically into the 
** danger'* position and cannot be operated by the usual con- 
nections until the circuit through the magnet is completed 
(Accepted 13th July, ^<W-) 

Buffer-Coupling. — 20,464. 22nd September, 1^04. Edgar 
Allen and Co., Ltd.^ Imperial Steel Works, Sheffield (a communi- 
cation from P. A. Hyde, Chief Locomotive Superintendent, 
Central South African Railways, Pretoria, Transvaal.) 

The interior surface of the bell-mouthed buffer head is pro- 
vided with lugs d, d^, adapted to afford support to the front side 







of the coupling pin c, thereby materially reducing the bending 
moment at the centre of the pin. In order that the 
lateral play of the link may not be interfered with the lugs 
are reduced in width outwardly.. . ( ^^^^^^^o^bJM^^^^i^) 
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Rail Supports and Ties. 23^^66. 5/// November, 11)04, 

H, Livesey, 14, South Place, Finsbury Pavement, Ij>ndon, 
The rails are supported and held in position by blocks of 
concrete, artificial stone, slag, timber or other suitable material 
moulded or formed to shape and connected together in pairs, at a 
suitable distance apart to suit the railway gauge, by a rigid metal 
bar or transverse connecting member the end portions of which 
are shaped to engage the upper portions of the pair of blocks so 
as to hold ihe blocks together in a transverse and longitudinal 
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direction and also to form seats for the two rails to be supported. 
Each rail is firmly held in place between the corresponding end 
portion of the transverse connecting bar and suitable holding 
down or fastening devices that are adapted to firmly engage the 
foot of the rail and are connected to the transverse bar and 
block. The connecting bar is of channel section, and has its 
ends bedded in recesses in the upper surfaces of the blocks. 
{Accepted 21th July ^ igo^) 

Couplings, Automatic. ig,8g6> 15th September^ 1^04, 
P, Donaldson^ 82^ Victoria Street, Westminster (a communication 
from E, C. Gayer^ 11, Hasting Street^ Calcutta, India), 
Each coupler comprises a pivoted front jaw b and a loose rear 
jaw c, fitted upon a shank c^ located within the hollow draw-bar 
a, in which it can move longitudinally. The pivoted jaw has a 
tendency to swing open and keep open, and is secured in the 
coupling position by a catch /, provided with a counterweight m. 
The shank c^ of the loose jaw bears against a thimble d loosely 
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mounted on a rod e on which a spring/ is coiled. A fixed cross- 
head g has a central hole ^ through which the end of the draw- 
bar extends, the portion which engages with the hole having a 
thimble h provided with a spherical bearing face hS, which makes 
contact with the edge or lip of the opening. A second cross- 
head I is connected by links i^ with the cross-head g and a spring 
1^ is interposed between the thimble // and cross-head /. An arm 
j pivoted to the cross-head ^ passes through a slot/- in the draw- 
bar in front of the inner end of the rod <r. When the couplers 
are engaged the front jaw of each coupler is gripped between the 



jaws of the opposing coupler, and when thecojpling is in tension 
the spring i^ is compressed, the lever/ coming against the inner 
end of the rod e and applying the loose jaw with the necessary 
force against the front jaw of the opposing coupler. The front 
part of the draw-bar may be hinged and provided with an 
ordinary coupling-hook. {Accepted 13th July, rgo^.) 

Buffer and End Steps. — 21,^12, nth October, 1^04, 
A, C. Spencer, 77, Cannon Street, London, 

According to this invention the buffer cases and end steps of 
carriages are provided with non-slipping treads i, of india-rubber 
or other suitable material, secured by holding down strips 2, Or 
the tread may be vulcanized to the upper side of a perforated 
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plate-like holder 7 formed with bevelled sides and attached to the 
top of the buffer case by sliding it endwise into a dove*tail groove 
formed in the latter. {Accepted 2ythjuly^ ^903-) 
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SPECIFICATIONS PUBLISHED. 

A.D. 1904. 

14876. Life saving guards for tramway cars and the like. EllU. 

1577^. Contact stud and switch for use with surface contact systems of 
electric traction. GrifHths and Bedell. 

15873. Railway and tramway vehicles. Gibbs. 

15948. Locomotives, semi portable engines and the like. 
(Trevithick). 

Railway signalling apparatus. O'Donnell. 
Railway chairs. Niemeyer. 
Apparatus for boring railway sleepers. Collet. 
Electric railways. Carolan (General Elec. Co.). 
Couplings for railway carriages, wagons and like vehicles. 
Bray, Bray and Bray. 

191 24. Fan apparatus adapted for circulating and cooling the air in the 
compartments of railway, tramway and other vehicles, and the compartments 
of ships. Taylor. 

19238. Lock nuts. Glossop. 

19254. Combined buffing and draw gear for railway and other vehicles 
Hill and Stephens. 

19540* Combined rail and road electric tramway system and vehicle 
therefor. Dixon and Dixon. 

19896. Automatic couplings for railway and other vehicles. Donaldson 
(Gayer). 

1 9981. Destination and stopping place indicators particularly adapted 
for use on railroads or the like. Brown. 

2C073. Points for tramways and light railways. Bland and Radford, 

20343. Buffer springs for railway vehicles. Timmis. 

20464. Coupling bufiers for railway and the like vehicles. Edgar AHen 
and Co., Ltd. (Hyde). 

20607. Supporting the rails of railways, tramways, and the like. 
North and Metcalfe. 

20708. Means for changing the gauge of railway and tramway wheels. 
Hinton. 

21912. Buffers and end steps for railway vehicles. Spencer. 

23966. Means for supporting and holding railway rails. Livesey. 

27x12. Locking mechanism for doors of railway carriages and sadi like 
vehicles. Thompson. 

2913 1. Trains of wagons. Adam (Koppcl). 

357. Automatic coupling buffers for (Robinson and Letchford) railway 
trucks and other vehicles. Edgar Allen and Co., Ltd. 

1827. Method of and means for controlling railway carriage dODrs. ^ 
Hildersley. — ■ 
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2119. Signal indicating devices for locomotives. Von Zeppelin. 

37^* Tramway and railway points and switches. Leighton. 

5863. Electric train signals. Sullivan and Kenshaw. 

5928. Railway rail joints. Robins, Lawrence. Dean and Cady. 

7203. System of lining railway and other tubular tunnels. Bennett and 
Twining. 

lOiQO. Overhead current collectors for electric railways and tramways. 
Platte. 

10156. Nut locks. Fletcher. 

Il6cx. Ventilators for railway and other carriages and for analogous 
uses. Levick. 



Vestibule Trains; Great Indian Peninsula Railway. 

By the courtesy of Mr. A. M. Bell, carriage and vvag^on 
superintendent of the Great Indian Peninsula R., we are able 
to illustrate what is generally acknowledged to be the hand- 
somest public train in India and which has recently been 
constructed to Mr. Bell's designs at the company's works at 
Bombay. It is apparent from the drawings that the train is 
** quite up to date ** in every respect and affords very similar 
accommodation to that found in a first-class club. 

The immediate object for which the train has been built 
is to provide special facilities for attending the Poona races, 
though in the tourist season it is turned into an ** Hotel '* train 
by replacing two of the day cars with sleeping cars. The 
train is also used for the week-end traffic from Bombay to 
Lanovia a favourite resort up the Ghauts and which has 
developed to a considerable extent of late years. 

The race special leaves Bombay at noon and runs to Poona 
in three hours, which is very good time seeing that it includes 
three stops occupying 9 minutes and two slacks to 5 miles an 
hour, besides the ascent of the Ghauts — i in 40 for 17^ miles. 
This reduction in the time of the journey enables men to 
transact their business in Bombay, to change their attire, and 
lunch while on the way to the ** Queen of the Deccan,'* to 
participate in the afternoon's sport, and to return to Bombay 
in the evening, dining en route in the special. The train is 
fitted with every convenience, both for ladies and gentlemen, 
including a pianola in the drawing-room, shower and ordinary 
baths, dressing-rooms, post office, etc. 

Fig. I illustrates the ** make up '* of the train as it leaves 
Bombay. 

Next to the engine (fig. 2) is a brake and lavatory com- 
posite car, 62ft. long by loft. wide, over the body. One end 
is divided into compartments for the guard with the brake 
fittings, two for baggage with four shelves in each, two for 
native servants with latrine, and one containing the guard's 
w.c. The other end of the car is partitioned off into a well- 
appointed bathroom and four private dressing-rooms, with 
lavatory in each; the floors are tiled and the partitions covered 
with ** Emdica" enamelled zinc. 

The maximum width allowed over all is loft., and this 
hjis been utilised to the full extent by abolishing all outside 
projections such as handles, etc. The doors open inwards, 
and in order not to block the opening they are only 2^ins. 
thick over all, which thinness has been obtained by using a 
compound steel and wood frame only 2ins. thick. The sliding 
doors of the baggage compartments close quite flush, with 
nothing whatever projecting outside the body. 

The second and third vehicles of the train are two first- 
class cars, 62ft. long., and which are identical in design, ex- 
cept that in one of them there is a compartment for light lug- 
gage in place of one of the private compartments. Fig. 3 is 
a plan of these cars, which are upholstered with maroon 



coloured buffalo hide. The side panels are fitted with large 
photographs by Messrs. Clifton, and the roof panels with 
coloured Lincrusta. 

The fourth vehicle is 62ft. long. It is a ** Parlour *' car 
(fig. 4), which is divided into a smoking-room with buffet, an 
open saloon, and a saloon for ladies. Tables are provided to 
afford additional accommodation for dining, so that all the 
passengers can be comfortably served at two sittings. 

The ** Restaurant" car is 62ft. long, and is mounted on 
six-wheeled bogies. It seats 40 passengers at one end and 
the other partitioned off into the kitchen and pantry and con- 
tains gas cookers, serving table, and all other requisites. 
The kitchen floor is tiled; it is provided with a high pressure 
water service and an exhausting fan is fitted in the roof 10 
ensure all cooking odours being taken outside the train. 

The last vehicle is a four-wheeled tender for the restaurant 
car for the use of the staff. It also provides further accom- 
modation for baggage and has a compartment for the guard. 

Fig. 6 gives a good idea of the external appearance of these 
fine vehicles, which reflect the greatest credit on Mr. A. M. 
Bell, who is a young man who obtained his present 
appointment quite recently and who was formerly with the 
Great Itastern R. at Stratford. He has introduced a very 
radical departure in Indian carriage practice and has dis- 
pensed with the unsightly outside sunshades, and has thereby 
been able to make his carriages of the full width, as above 
stated. The roofs are of the clerestory pattern, and to keep 
the cars as cool as possible they are lined with non-conducting 
material. The sides are vertical, and by adopting this method 
of construction lighter pillars and much less material has been 
used than would have been necessary had sides been of the 
** turn under " style with provision in the pillars for the runs 
for droplights, Venetian sun blinds and gauze fly screens. 
The pillars in these cars are only 3iins. thick. 

The vestibules are of a novel type and ate automatically 
closed by springs in tension by the operation of coupling the 
vehicles in a similar manner to that in use with Pullman 
vestibules, but upon a different principle owing to these cars 
having ordinary couplings and side buffers. 

All the cars are fitted with electric light and are provided 
with powerful fans to ensure efficient ventilation and move- 
ment of the air. VVe hope to be able to publish further details 
of these interesting cars in an early issue. 

A special race train is also run for second-class passengers 
and leaves Bombay half-an-hour before the first-class special 
above described. It consists of six bogie cars (of similn:- 
design to those illustrated), connected so that refreshments 
can be served from the buffets and from a restaurant car. 
The seats are arranged longitudinally and are covered with 
** Macoid *' cloth. The decorations are in light colours and 
the finish generally is high-class. 

Apart from the race specials, the service between Bombay 
and Poona has been further improved by a new train con- 
sisting of seven bogie cars, and which runs every afternoon 
made up as follows : — 

First, a composite with guard's compartment, an open 
third-class having a bar for Indian refreshments, and a private 
comnartment for native women. 

Second, an open third-class car fitted with polished wood 
"turn over ** seats. 

Third, a second-class with the seats covered with imitation 
leather and the reversible backs with ^^^K-^f^9^ dCgJoured 
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Fig. I. — Bombay -Poona 1st Class Race Expr^s; 




Fig. 2. — Plan of Brake and Lavatory Composite C>r ; G.I.P.K 




Fig. 3. — Elevation and Plan of First Class Carriaj^e ; G.I.P.R. 




Fig. 4.— Plan of Parlour Car ; G.I.P.R. 



cloth. Part of this car is reserved for ladies, and there is 
also a compartment for light luggagfe. 

Fourth, a " Parlour " first-class car, furnished in one por- 
tion with easy seats and extending^ tables and in another with 
reclining^ chairs. There is a private boudoir for ladies and a 
small buffet for tea and light refreshments. An electrically- 
worked punkar is fitted. 

Fifth, a first and second-class composite car, similar, but 
finished somewhat differently. 

Sixth, a restaurant car similar to that run with the race 



specials. The kitchen floor is co\ered with tiles and the sides 
up to the waist with '* Emdica,'* so that it may be kept quite 
clean without trouble. 

The last car is a composite mail third-class and bai^ga^^c 
car. 

It will be seen from the above brief descriptions that ihesr 
trains will compare favourably with the public trains nf any 
country. 

In a future issue we shall publish details of the sliding and 
cnmp„sit. doors rHcrrcd to ahovc.p.g.^.^^^ by ^OOglC 
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Great Indian Peninsula Railway. 



Fig. 5 — Elevaiion of Parlour Car. G.I.P.R. 



Ferro-Concrete, and some of its most Characteristic 
Applications in Belgium.^ 



By M. ED. NOAILLON, of Chen^e, near Li^ge. 

(Continued from Page 269. j 

Iv this manner, however, the difficulty is only set back a 
step, for the bar beings in tension right up to the ends must 
lose it rapidly in a very limited space, whence arises a con- 
siderable tendency to slipping, which is met either by opening 
out the end into a swallowtail, or, if this is insufficient, by 
bending the bar upon itself and placing a cross pin in the 
bend. The simple oblique bar is not used for a beam with 
free supports. 

The author has pointed out that one of the characteristics 
of concrete is to lend itself easily to continuity of structure; 
but it is clear that this may have the effect of displacing, 
towards the bottom, the diagram of the bending moments in 
such a way that near the supports certain reversed moments 
may be of higher value than the moment at the centre of the 
span. From this cause tensile stresses are produced in the 
top member and compression stresses in the bottom member. 
In order to overcome the first set it is necessary to provide new 
re-inforcement if it does not exist in the upper member, or 
raise the lower re-inforcement towards the top of the beam, 
which has also the advantage of neutralising the tendency 
to sliding, as has already been pointed out. 

To overcome the second series the concrete of the lower 
part of the web is often insufficient, and then the lower re- 
inforcement is used at this point in compression. Another 
method which is coming into use consists of banding the con- 

* Read before ihe Institution of Mechanical Engineers at Liege, 
June, 1905. 



Crete of the web, which, as will be pointed out hereafter, con- 
siderably increases the resistance to crushing. 

When the reversal of the moments is due to the continuity 
of the beam and the floor platform, the use of re-inforcement 
in the upper part is not always necessary; in fact, the plat- 
form may then play the part of the member in tension, owing 
to the ** distributing '* bars which it contains and to the resist- 
ance to tractive efforts of the ferro-concrete itself, which the 
author will discuss later. 

When the beams have no continuous platform at their 
upper part they ought to be provided with compressive re- 
inforcement or be banded. 

Fig. 3 is a longitudinal section of a portion of a beam on 
the Hennebique system. It will be observed that half the bars 
composing the lower re-inforcement rise to the top at the 
supports, resisting at the same time the tendency to slide 
and also the moment of shearing at the junction. 

The other half keep their position right to the end, where 
they serve to resist the compression and to support the 
stirrups. 

Fig. 4 represents a portion of a beam built upon the 
system of Perraud and Dumas. The attachments are formed 
of a trellis of flat strips bent obliquely between the lower re- 
inforcement and a bar at the top, so that the body of the 
beam forms one mass of great rigidity which is of value in 
the erection. The lower ironwork is re-in forced in its central 
part by a bar in order to obtain as nearly as possible a section 
of canal resistance. This method has, however, the dis- 
advantage of giving a minimum perimeter to the section of 
the ironwork at the supports, which are precisely the points 
where it should have its greatest value. At the level of the 
platform there are bars to resist shearing at the supports and 
compressic?: bars in the centre. ^^->. 
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The author of this paper desires to advocate a simple 
system which affords a re-inforcement of canal resistance 
and offers every security for resistance to sliding. Fig^. 5 
shows its application to a beam without fixed ends. For a 
span of moderate amount the re-inforcement consists of bars 
of three different lengths. 

It will be seen that they leave the lower part of the web 
at determined distances and rise towards the floor structure, 
where they end in a hook. In these hooks, as well as in the 
angles formed by bending, there are placed transversely pins 
a and b. These pins are of great importance, for they repre- 
sent the placing betv»een the oblique parts of bars which may 
be considered as the diagonals of the web of a lattice girder 
and the concrete lying between a and b which is analogous 
to the compression bars. 

The re-inforcement of a beam with platform is calculated 
according to the nature of its central transverse section where 
the maximum bending moment occurs. 

As the sliding efforts there are zero, the normal sections 
remain flat after deformation and merely swing upon the 
neutral axis. This condition of conservation of the plane sec- 
tions, combined with the equations of equilibrium of move- 
ment and of moments, suffices to determine the forces acting 
upon the re-inforcement. 

J 1 




Fig. 3« Hcnnebique System, Fig. 4. Perraud and Dumas System. 
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But for this it is necessary to know the law which connects 
the compression of the concrete to its decrease in length. 
This law, however, varies within wide limits according to the 
composition of the concrete, and especially with the manner 
in which it is used in the work, the degree of fluidity, and 
the ramming. Moreover, the law is not linear, and is greatly 
affected by hysteresis, so that the deformation is a function 
of the duration of the compression and of the former life 
history of the concrete so far as stresses are concerned. 

Yet when the height of the beam is great relatively to that 
of the floor platform the variation of the law of deformation 
of the concrete does not sensibly affect the forces acting upon 
the re-inforcement, and the section of the latter may be cal- 
culated with sufficient accuracy. 

It should be noted that the' elements of the floor platform 
which constitute the re-inforcement in compression have an 
efficiency which diminishes as their distance from the web 
increases and as the length of the beam decreases. 

The Floor Platform, — When in a beam of T section the 
part of the concrete in tension in the web has merely an in- 
significant influence and may be neglected, it is desirable to 
enquire if it is not the same with the concrete in tension in a 
floor platform which has a section larger than that of the 
concrete under compression. Monsieur Consid^re has shown 
that ferro-concrete can extend without cracking until the re- 
inforcement reaches its limit of elasticity, and that the part 
of the resistance due to the concrete attains after the first 
extensions a value which remains constant until rupture 
occurs. It is evident that if this result is to occur the piece 
must be free from all cracks before the test, and to obtain this 
condition special precautions must be taken in its manufac- 
ture and setting. Excess of water must be avoided in gaug- 
ing, ramming must be carefully done, and the piece must be 
kept moist during the first days of setting. 



In practice these conditions are never fully realised, and 
therefore the rapid shrii)kagc of the cement produces pre- 
mature tensile stresses which cause hair cracks. But these 
cracks never affect any great depth of the floor structure, and 
many contractors think that one may therefore count upon 
almost the whole of the concrete in tension to relieve the re- 
inforcement; others, on the contrary, believe that it is always 
dangerous to count upon this aid. 

The tension of the re-inforcement of a platform will also 
varv with the law of deformation which it may be thought 
desirable to apply to compressed concrete, a law which is all 
the more uncertain as concrete is not homogeneous; in fact 
the last layer of concrete is not generally rammed so as to 
facilitate levelling. 

It is therefore obvious that the theoretical calculation of 
floor structures can only have a relative value, and that the 
coefficients which are used in these formulae ought to be 
obtained from practice. 

This uncertainty in calculation is besides often hidden by 
the want of precision with which the re-inforcement can be 
fixed in the thickness of the platform. 

Like the beams the platforms are very often fixed or con- 
tinuous, and this condition requires re-inforcement in the 
upper layer, or in a simpler manner by the raising of a lower 
re-inforcement near the supports, fig. 2. 

With respect to resistance to sliding, as the perimeter of 
the section of the re-inforcement is almost always less than 
the width of the platform, it is useless to provide stirrups. 

Besides the principal re-inforcement there are placed 
immediately above it, and in a perpendicular direction, .some 
** distributing *' bars which are intended to interlace with 
several of the principal bars, and offer a better resistance to 
a concentrated load. In order to ensure regularity of erec- 
tion the two systems of bars are sometimes bound together 
at some of the crossing points by means of iron wire. 

When it is a question of covering a surface approximately 
square — a case which occurs frequently in houses — there is 
a great advantage in making the two systems of bars of equa\ 
strength so as to make use of all four sides of the space as 
supports. 

The uncertainty of the conditions of stress upon the re- 
inforcement which is so great for the ordinary floor plat- 
forms is still more so for the square surfaces referred to 
above. 

The re-inforcement may be fixed in lines parallel to the 
sides or parallel to the diagonals, the use of the latter system, 
which necessitates a large number of different lengths of bars, 
cannot be justified by any theoretical consideration; a sati.s- 
factory system consists in placing the re-inforcement parallel 
to the sides and grouping the bars closer together along the 
middle of the sides. 

A simple and elegant arrangement for surfaces of small 
dimensions consists in the use of expended metal as the 
re-inforcement; perfect security is then obtained for thv' 
necessary adhesion, and a poor concrete may be employed. 
This method of construction can be recommended for founda- 
tion blocks. 

Pieces for Resisting Compression Stresses. 

Columns. — Columns are usually made of square section 
to facilitate centering; as a rule the re-inforcement con*iists 
of four longitudinal bars placed near the four angles, and 
joined at intervals by cross ties. The ties are intended to 
prevent the buckling of the individual bars, and also serve 
to retain them in position during the filling of the concrete. 
The cross ties consist of plates or round bars which stirround 
the longitudinal bars. Sometimes they are twisted round 
each bar, or plates with holes may be threaded upon the han%. 

The calculation of the re-inforcement is empirical, for the 
determination of the strain is first of all affected by the 
uncertainty regarding the law of deformation of the concrete, 
since it is directly proportional to the latter. Besides this 
the shrinkage of the cement communicates to the metal un 
initial compression which is often very considerable, but 
impossible to value beforehand. Moreover the bars aUo 
assist in resisting the tendency to buckling of the entire 
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column, but the buckling is proportional to the coefficient of 
elasticity of the column, and this value varies with the load, 
and is very different for the same load according as the pre- 
ceding load has been greater or less than the load under con- 
sideration. 

The resistance to buckling and to crushing is much in- 
creased by the use of a concrete very rich in cement, gauged 
with only a small quantity of water and well rammed. 

Banded Concrete. — The methods of re-inforcing concrete 
against compression have been revolutionised by the intro- 
duction of the banded concrete invented by M. Consid^re. 

The very remarkable work of M. Consid^re has shown 
that metal employed under the form of bands has, from the 
point of view of resistance to compression, an efficiency 2*4 
times greater than that used in the form of longitudinal re- 
inforcement. To be effective these bands ought to be cir- 
cular, and should not be placed further apart than one-seventh 
of the diameter of the banded concrete. 

By submitting the banded pieces to an initial compression, 
or letting them harden under water, the bands become also 
much more efficient than longitudinal bars in resisting 
buckling. 

They have also the considerable advantage of being 
endowed with an absolutely surprising plasticity, which makes 
a thoroughly sound structure. 

Warning is also given of excessive compression by the 
shelling off of the concrete covering the bands long before 
the structure has reached its safe limit of compression. 

The simplest and most economical form of the bands is 
the spiral. By putting the turns of the spiral closer together 
Jt is possible to strengthen certain parts which are under the 
greatest stress, and give a known increase to the strength. 
It is also possible to re-inforce a structure already completed 
by winding round it an iron wire which is afterwards covered 
with a layer of plaster. 

Banded pieces prepared in the workshop with all possible 
care, and made with a very rich concrete and subjected to 
initial compression, offer a resistance to compression com- 
parable with that of a structure of riveted steel of the same 
M eight, and are less expensive. 

It is safe, therefore, to prophesy that banded concrete will 
be able in a large number of cases to replace with advantage 
the compression members made of rolled steel sections in a 
large metallic structure. The tension members would con- 
sist of bundles of round bars lightly banded and dipped in 
concrete. The connections would be more easily made than 
those of other frameworks, and could be re-in forced by a 
-supplementary banding. Such structures would have an 
unlimited life with practically no expense for maintenance. 

In this connection M. Consid^re has constructed and 
tested with complete success a bridge of 65 ^ft, span entirely 
built of banded concrete. 

An important application of banded concrete has come 
into ordinary use for piles. Such piles are stronger than 
those of wood, and have the enormous advantage that they 
do not rot. 

Parts Sibmitted to Complex Stresses. 

The most important type of these pieces is the vault, in 
which the re-inforcement is specially designed to resist bend- 
ing stresses caused by non-symmetrical or concentrated loads, 
whilst the concrete supports in compression those that are 
fixed and distributed. 

The greatest uncertainty exists as to the most rational 
method of re-inforcing a concrete vault; the cauculation of 
the re-in forcement is only rendered possible by the use of 
empirical coefficients. 

For vaults of wide span one observes that different 
builders follow opposite methods; some, like Hennebique, 
thinking that the essential character of ferro-concrete is the 
opportunity which it gives for producing monoliths and of 
profiting in all cases of possible bonding, form their vaults 
of a series of ribs in arcs connected at their upper parts by a 
horizontal platform; the arc has then near the supports its 
maximum of height and this permits a good bonding with 



the abutments. Other builders seem to be haunted with the 
fear of the effect of expansion and of shrinkage, and give to 
their vaults as much flexibility as possible by making them 
with a cylindrical lattice work. In recent years some have 
gone further in this direction and formed arphes with three 
joints. 

As has been seen from the preceding remarks, it is most 
frequently impossible to determine accurately by means of 
theoretical formulae the actual cross sections of the re-inforce- 
ment. 

The best guide is experience translated as well as possible 
into empirical rules. Those rules will be all the more reliable 
according as they are based up)on a larger number of struc- 
tures, and from this point of view it is best to prefer the 
systems which have been the most employed m practice. 

On the subject of principles of calculation for structures 
in ferro-concrete it is interesting to cite the opinion of Pro- 
fessor Rabut : — 

*' I often hear it said that structures in ferro-concrete 
cannot be so accurately calculated as metallic structures; in 
my opinion the contrary is true; the formulas for metallic 
bridges are in their principles just as arbitrary and just as far 
from the expression of the real strains as those of ferro-con- 
crete; but the latter have the advantage of containing twice 
as many constants, those of iron and those of concrete, which, 
if these constants are conveniently chosen, will allow of 
approaching the truth much more nearly.** 

The author will now briefly describe some types of con- 
structions in ferro-concrete which present interesting features, 
and will restrict his choice to recent works and those to be 
found by preference in the neighbourhood of Lt^ge. 

{To be Continued.) 
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Offlcial Reports on Recent Accidents. 
At West Hartlepool Station, N.E.R. ; iiikjufy. 
Col, P, G. von Donop^ R.E.^ reports that:— 

That an excursion train (engine and 11 vehicles) from 
Hartlepool to Whitby, standing at the up platform at West 
Hartlepool Station, was run into from the rear by the engine of 
the 12.45 P'"^* ^^^^^ (engine and 8 vehicles) from Hartlepool to 
Stockton ; 13 passengers complained of injuries. 

The Stockton train was fitted with the Westinghouse 
automatic brake working on 44 out of 48 of the carriage wheels. 

The traffic to and from West Hartlepool Station is controlled 
from two signal-boxes, one at either end of the station. The one 
at the west end, Clarence Road signal-box, is 221 yards west of 
the west end of the up platform. The next signal-box to the 
west, Cemetery West box, is 1,749 yards from it. The box at 
the east end of the station. Church Street box, is 572 yards from 
the Clarence Road box. 

The Clarence Road signals governing the admission of up 
trains into the station are : — An up home, 90 yards 10 the west ; 
an up intermediate home, situated 300 yards to the west ; and an 
up distant, 1,348 yards to the west. Both the up home and the 
up intermediate home signals are provided with calling-on arms. 

The admission of passenger trains into the station is worked 
under the regulations for train signalling by recording telegraph 
instruments. 

" Whilst the indicators show train on line, the fixed signals at 
" the rear box must be kept at danger with the followmg excep- 
"tion — where calling-on signals are provided a train must be 
"brought nearly to a stand at the home signal, after which the 
"calling-on signal must be lowered, which will be an indication 
" to the driver that he can pass the home signal at danger, and 
"that the section in advance is occupied." 

The gradient for the last 1 30 yards up to the point where the 

collision occurred rises at i in 249. The up line enters the 

station on a curve to the left, and the driver's view of the line 

ahead of him is interfered with. The driver of the Stockton train 

in this ca-e would not have obtained a view of the rear vehicle of 

the Whitby train until he was within loi yards of it. The signals 

were correctly worked. ^ ■ r^r^riii:> 
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This collision was due to want of care on the part of driver 
Lumsdon when entering the station. Lumsdon admits that it 
was only the home signal calling-on arm that was lowered for him 
to enter the sUtion, and that that signal was only lowered after 
he had nearly brought his train to a stand. He was also aware 
of the rule that the lowering of the calling-on arm indicates to the 
driver that the section in advance is occupied. Lumsdon, there- 
fore, had been duly warned to have his train well under control 
when entering the station. The only explanations which he can 
give to account for the collision are— firstly, that when he applied 
his brakes the wheels skidded ; and secondly, that on previous 
occasions he had been admitted to the station by means of the 
calling-on arm without finding a train standing on the up plat- 
form line. As regards the skidding of the wheels it should be 
noted that Lumsdon could have seen the excursion train when he 
was 100 yards from it, and he himself admits that when he first 
saw it he was over 72 yards from it ; at this time he was running 
up a slightly rising gradient, andhad hehad his train well under con- 
trol he should have had no difficulty in stopping his train in time 
to avert the collision. Lurosdon's statement as to his having 
previously entered the station by means of the calling-on arm 
without finding a train on the up platform- line is probably ihe 
real explanation of this accident. Although he knew that the 
lowering of the calling-on arm meant that he miejht find a tram in 
the station he appears to have acted on the assumption that such 
was not the case, and there can be no doubt that he consequently 
allowed his train to enter the station at too high a rate of speed. 
He had been on duty about yi hours. 



At Burnley, L. & Y. R. Oft 20th April Lt.-CoL E. 
Druitt, R.E,, reports that :— 

The 12.50 a.m. up goods train from Colne to Phillips Park 
(engine, no loaded v^agons, 3 empty wagons, a brake van, 
and 2 banking engines) vi^as leaving Burnley (Bank lop) Sta- 
tion, when the 85th wagon from the train engine, with the 4 
following wagons, left the rails at a crossing of a siding con- 
nection in the up main line. 

There is not any extra danger to the men working long 
trains, though perhaps greater skill and care are required in 
the manipulation of them, but this has been forthcoming. 
Their records show that accidents have been neither more 
numerous since the introduction of long trains in 1901, nor 
do they happen more frequently to long trains than to short 
ones. 

The length of goods trains will be gradually reduced 
when larger numbers of high capacity wagons become avail- 
able, but meanwhile the old type of wagons must be continued 
to be used. A smaller number of wagons though conveying 
the same tonnage will be more compact and easier to handle. 

The Company claim a great advantage in working traffic, 
by using one long train in lieu of two short trains on a 
crowded line with numerous block sections, the saving of time 
being very considerable. 

The principal source of danger to passenger trains from 
goods trains is probably that in the case of a long train a 
wagon off the road might not be noticed by the trainmen 
so soon as in that of a short train, and the other road on which 
a passenger train might be passing may be fouled and the 
danger not noticed so soon; but no accident has happened 
from this cause owing to the introduction of long trains, 
which are now limited to 120 vehicles on the L. and Y. R., 
whether loaded or empty. 

At Waverley Station, Edinburgh, N.B.R., 
27 th June, Major /. W. Pringle reports that : — 

The 2.55 p.m. down train (tank engine and seven vehicles) 
from Leith Central ran into the bufi"er stops of No. 3 bay plat- 
form line at Waverley Station : 1 2 passengers and the guard were 
injured. The buffer stops were broken, and two of the coaches 
slightly damaged. 

In front of the six carriages, which ordinarily composed the 



train from Leith, there was an empty covered Sputh-Easlem and 
Chatham R. carriage truck fitted with Weatinghbuse and vacuum 
brake pipes only. The position of the Westinghouse brake train- 
pipe cocks differed on this truck from the position of similar cocks 
on the North British R. stock. In the latter the cock is above 
the pipe and in an horizontal position when the pipe is open ; in 
the case of the foreign truck the cock is underneath the pipe, and 
when horizonUl the pipe is closed. It is opened by pulling the 
cock handle into a vertical position. 

It was fireman Thomson's duty to couple the eni^ine and 
truck, and porter McCrae's duty to couple the truck to the 
coaches. The latter, however, performed both duties. He 
explains that at both ends of the truck, after coupling the 
Westinghouse hose pipe, he pulled down the cock into the vertical 
position, and heard the noise made by the air under pressure 
passing along the pipe. Fireman Thomson confirms this state- 
ment that the coupling at the leading end of the truck was 
correctly done. 

Guard Hutton affirms that when the coupling up was complete 
he tested the brake connection in the manner prescribed, and 
finding it complete he showed driver Taylor first a white flag in 
token that the brake connection was coniplete through the train, 
and then a green flag to authorise him to start. 

Driver I'aylor was not able to start the train, and sent fireman 
Thomson to see if any of the brake blocks were ho ding the 
train. Thomson found the blocks tight on the wheels of the 
fourth vehicle, and eased them by drawing out the wire. 

The train was then started, and on arriving at Waverley 
Station, after a run of a few minutes without an intermediate 
stop, Taylor applied his continuous brake in the usual manner, in 
order to bring the train to a stand. He found the speed of the 
train was not checked as he expected, and a collision resulted 
with the buffer stops at the end of the platform line. 

Immediately after the collision, carriage-examiner Jamieson 
found the bake cock at the trailing end of the carriage truck in 
the horizontal position. The air pressure was thereby cut off 
from the coaches, and the failure of the continuous brake to 
check the train in the usual manner was fully explained. 

According to the evidence of McCrae the position of the 
trailing brake pipe cock on the truck was correct wticn he tested 
the brake for continuity. But it is evident that the position of 
the cock could not have been altered whilst the train was travel- 
ling between Leith and Edinburgh, and yet the cock was found 
in the closed position immediately after the collision. The timin 
must have started from Leith with the brake pipe closed behind 
the truck. The only solution of tha problem which appears 
possible is that either fireman Thomson, or guard Hutton, altered 
the position of the cock after the latter had tested the brake, and 
before the train started. 

Whatever the real truth may be on this question, driver 
Taylor, by neglecting to test the contmuous brake before passing 
the distant signal for Waverley terminal station, in accordance 
with his instructions, and by failing to enter the station at such a 
speed as to enable him to stop his train at the proper place by 
the application of the hand brake only, is partly responsible for 
the collision. He had been on duty loj hours. 

There is a speed restriction on all lines in Waverley Station 
between the signal-boxes of 4 miles an hour. It is true that the 
consensus of evidence given by eye-witnesses as well as the 
enginemen themselves is to the effect that this speed limit was 
not exceeded. But judging from the damage done to the buffer 
stops, either that a speed of 4 miles an hour is too high in a ter- 
minal station where it should be possible to control a train by the 
hand brake only, or that the witnesses are not good judges of 
speed. 

Guard Hutton admits that he was ignorant of what was the 
proper position of the brake cocks on the foreign carriage truck 
with the train pipe open, and yet he was responsible in accord- 
ance with the instructions for seeing that the cocks on the brake 
pipe were all open. 

This accident proves the additional risk incurred by railway 
companies, even when the same type of continuous brake is 
used, by varying details of brake equipment instead of stan- 
dardising them. r^r-kr%it> 
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Mr. L. R. Starkey, of Southwell, has retired from the 
Board of the Midland R. 

Mn R. L. Wedgwood I secretary, North Eastern R., has 
been appointed divisional goods manager at Newcastle, and 
Mr. R. F. Dunnell, assistant solicitor, has been appointed to 
succeed him as secretary, which post he will hold in conjunction 
with his present one. 

Mr. Geo. Hope, assistant general manager, North Eastern 
R., has been appointed divisional superintendent at Newcastle, 
in succession to Mr. T. Pickering, who has retired ; Mr. T. 
Chatt, district goods manager at Newcastle, and Mr. J. M. 
Hicks, superintendent Tyne Dock, have also retired. 

Mr. B. St. G. Yerschozle, assistant engineer, Buenos 
Ayres and Rosario R., has been appointed resident engineer of 
the Egyptian State R. 

Mn T. C. Higgins, chief clerk to the mineral manager. 
Great Central R., has been appointed mineral manager in suc- 
cession to Mr. John Watkin. 

Mr. £• £. Lucy, assistant divisional locomotive super- 
intendent and manager of the Stafford Road Locomotive Works, 
Great Western R., has been appointed assistant chief mechanical 



engineer of the New South Wales Government Railways. Mr. 
Lucy entered the Stafford Road works in 1879 as a pupil of the 
late Mr. George Armstrong, .-\fter his pupilage he was assistant 
draughtsman and then assistant foreman at Stafford Road, and 
subsequently successively district foreman at Landore, Swansea, 
Weymouth and Plymouth. He was appointed to the position 
he vacated on the 21st ult. in 1897. He is a member of the 
Institution of Mechanical Engineers. He sails to take up his 
new position in the ss. "Ormuz" on the 17th inst 

Mr. Henry Fowler, gas engineer. Midland R., has been 
appointed to be also assistant locomotive works manager. 

Mr. F. Wood, of the New Zealand Shipping Co , and 
formerly of the North-Eastern R. at York, has been appointed 
assistant locomotive and marine superintendent of the 
Leopoldina R. 

Mr. Roger T. Smith, of Messrs. Kennedy and Jenkins's 
staff, has been appointed electrical engineer to the Great 
Western R. 

It is with great regret that we record the death of Mr. 
William Dean, late locomotive, carriage and wagon super- 
intendent of the Great Western R., and which took place on the 
24th September at Folkestone after our last issue had gone to 
press. The news of his death, though not unexpected, was 
received with most sincere and profound regret by all his old 
colleagues and assistants, and, in fact, by everyone who had ever 
had the pleasure of his acquaintance. 

He was bom on January 9th, 1 840, and entered the Wolver- 
hampton works of the Great Western R. as a pupil of Mr. Joseph 
Armstrong (who was then locomotive superintendent of the narrow 
gauge section) in October, 1855. ^^ ^^^3 ^^ ^^s appointed 
chief assistant to Mr. Armstrong, who in 1864 was removed to 
Swindon as chief locomotive and carriage superintendent of the 
whole of the Great Western system. In June, 1868, Mr. Dean 
also removed to Swindon as Mr. Armstrong's principal assistant, 
and on the death of Mr. Armstrong, in 1877, ^^ '^^s appointed 
to succeed him, and held the position until he retired 25 years 
afterwards, in June, 1902. He devoted his life entirely to the 
Great Western R. He took a great interest in the Volunteer 
movement, and held the rank of honorary major. He was a J. P. 
for Wilts, a member of the Institution of Civil Engineers, and of 
the Council of the Mechanical Engineers. Unostentatious 
philanthropy was one of his prominent characteristics. 

We also record with regret the death of Sir William 
Shelford, M.Inst.C.E., who was connected with the con- 
struction of many important railway undertakings, notably the 
Hull and Barnsley R., and latterly as consulting engineer for the 
Crown Agents of the Colonies with the Lagos R. He died on 
the 3rd ult. 

And also with regret the death, on the i8th ult., of Mr. R. H. 
Hone, of Messrs. F. C. Mathews and Co., solicitors to the L. 
Tilbury and Southend R. Mr. Hone, in company with the 
engineer of the company, Mr. Jas. R. Robertson, was walking 
along the line near Southend when he stepped the wrong side 
just in front of a train and was killed instantly, being shockingly 
mutilated. Mr. Robertson in attempting to save Mr. Hone had a 
narrow escape. 

Shackle and Pin Wagon Couplings. 
The following notice has been issued from the Railway Clearing 
House : — The railway companies of Great Britain and Ireland 
hereby remind private wagon owners and others of the following 
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arrangement which has been made between the Association of 
Private Owners of Railway Rolling Stock, the Mining Association 
of Great Britain, and the railway companies : — Shackle and pin 
couplings are to be discarded as from 31st December, 1905, and 
replaced by three link draw-chains of the dimensions given in the 
standard specifications for new wagons. 



Motor Omnibus Service at Holywell, L. & N.W.R. 

On the nth ult. the L. and North Western R. Co. commenced 
running a service of motor omnibuses between Holywell Station 
and Holywell Town, North Wales. The town, ij miles 
distant, is on the side of Halkyn Mountain, 550 feet above the 
railway station, and parts of the road are as steep as in i in 9. 
The omnibuses meet every tram at the station, and make 18 
journe)s daily to the town and back. The experiment is proving 
very popular, as it is nearly 1 5 minutes quicker than the horse 
vehicles h therto plying between the same points. The new 
service is expected to bring a great many visitors and pilgrims to 
St. Winifred's Well, which has been noted for over 1,200 years 
for its healing properties. 

Regulations for Locomotives and Wagons on Lines 
and Sidings under the Factory Act. 

The Secretary of State for the Home Department, in pursuance 
of Section 81 of the Factory and Workshop Act, 1901, has 
appointed Mr. Chester Jones, Barrister at- I^w, of i. Paper 
Buildings, Temple, E.G., to hold an enquiry with regard to »he 
draft regulations for the use of locomotives and wagons on lines 
and sidings under the Factory Ac% published in pursuance of 
Section 80 of that Act. 

The enquiry, which is a public one, will be opened at the 
Caxton Hall, Westminster, London, on Wednesday, November 
22nd, 1905, at 10 a.m. ; and any person who has objected to the 
draft regulation?, and any other person who, in the opinion of 
Mr. Chester Jones, is affected by them, may appear either in 
person or by counsel, solicitor or agent. 



Westinghouse Single-phase Locomotives for Main 
Line and Suburban Railways. 

The Westinghouse Electric and Manufacturing Company have 
recently secured an important contract from the New York, New- 
haven and Harifcrd Railway Co. for the supply of 25 single- 
phase electrical locomotives for service on the company's main 
Ime, which is being converted to electric traction. 

The single-phase overhead wire system has been adopted, but 
the locomotives, which are being built by the Bald\un Locomo- 
tive Co., will also use direct current where they traverse the line 
of the New York Central, which serves the suburbs of New York. 

Each locomotive will be equipped with four 400 h.p. Westing- 
house single-phase motors of the straight series gearless type, and 
the unit switch system of multiple control will be used. 

The weight of the locomotives is approximately 78 tons, and, 
with a 200 ton train making stops every 2*2 miles and attaining a 
maximum speed of 45 miles an hour the schedule speed will be 
26 miles per hour. Express trains of 250 tons will be propelled 
at from 60 to 70 miles an hour by one locomotive, but heavier 
trains will be run by two or more locomotives coupled together 
and controlled from the forward cab. 

The motors are to be spring supported and connected by 
flexible drive in such a manner that all dead weight will be taken 
off the axles. They will be permanently connected two in 
series, and on direct current the pairs will be operated on the 
series parallel system and on alternating current by means of 
voltage control. 

Much interest attaches to this new electrical railway, which is 
the first to adopt electricity over the wholtf line. Judging from 
the experience of the Indianap.lis and Cincinnati railway and 
others which are equipped on the Westinghouse single-phase 
system the results will in every way justify the choice. 



The British Manufacturers' Exhibition in Egypt, 
This exhibition, which was to have been held at Alexandria and 
Cairo at the end of this year, has been postponed until the end 
of 1906 and the beginning of 1907, because it has assumed very 
much larger proportions than was first anticipated. The exhibition 
will, it is proposed, be open a month in each city. The Committee 
are of opinion that the Egyptian public have never had a proper 
opportunity of knowing and seeing what can be produced in the 
United Kingdom and the Colonies, and therefore is unable to 
appreciate the excellence of their manufactures, with the result 
that cheaper Continental goods continue to be largely sold in 
Egvpt, even in instances where the British articles would very 
probably supersede them were they more genernlly known. 

Prospectuses and particulars may be had on application to the 
London agent, Mr. D. S. Murray, 11 and 12, Foster Lane, 
Cheapside. E C, or direct from the secretaries at Alexandria, 
P.O. Box 423. 

International Exhibition at Milan, 1906* 
Italy's first great International Exhibition will be opened at 
Milan by the King of Italy on the T5th April next, in celebration 
of the completion of the Simplon '1 un^^el. The Exhibition will 
be on a large scale. The buildings will c )ver 42 acres and the 
grounds 200 acres. The British Government have voted ^^10,000 
towards the equipment of the British Section, and Mr. Arthur 
Strena, whose offices are at i and 2. Oxford Court, Cannon 
Street, E.C., has been appointed Hon. Executive Commissioner. 

The King of Italy will offer to exhibitors prizes to the value 
of ;^i,6oo, divided as follows : — 

I. — A prixe of ;£^200 for automatic safety couplings for railway rolling 
stock. 

2. — A prize of ^200 for the best method of testing high vultage electric 
currents without danger to the operator. 

3.— A prize of £^OQ fur the best and roost original exhibit of machinery or 
manufacturing process. 

4. — A prize of ;{,200 for the best established method of distributing healthy 
and pure milk in centres of population. 

5.— A prize of ;i^400 for the best type of popular dwelling adapted to the 
climate of northern Italy. 

6.— A prize of £200 for motor boats. 

In addition to the foregoing there will be given a national prize of /200 to 
the public institution or private society which, during the last ten years, has 
been most successful in the work of reclaiming waste lands in mountainous 
districts, and in the improvements of pasturage. 



AVidening the Tunnels, near Dawlish, G. Western R. 

The widening of the five tunnels near Dawlish on the Great 
Western main line was practically c mpleted and opened to 
traffic on the ist ult., thus making the line double fhroughout 
from Paddington to Plymouth. 

This important work has been in progress about 3 years, and 
the five tunnels have been widened to take a second line of rails 
without in any way interfering with the traffic. This was accom- 
plished by the use of steel shield arches 19ft. long, through which 
the trains ran while the tunnel was being enlarged all round it^ 
and which were advanced as the work proceeded. The tunnels 
were originally constructed for a single broad gauge line. When 
the tunnel was completed it was only closed for 3^ hours while 
the new rails were got into position. The tunnels are through 
the red sandstone and lined with Staffordshire bricks set in 
cement. 

« 

•* Graphite." 

We have received a copy of the special Kuropean edition of the 
** house journal" of the Joseph Dixon Crucible Co., entitled 
Graphite. Its contents a'e well illustrated and are of general 
interest to engineers. The most important works described are 
the Power House at Lots Rojd, Chelsea, the Car Sheds at Mill 
Hill Park, and other buildings connected with the electric 
railways controlled by the Underground Electric Railways Co. 
of London. Other important structures referred to are the 
London offices of the Shipping Combine (International Mer- 
cantile Marine Co., Ltd.) in Cockspur Street, the new Rit« 
Hotel in Piccadilly, and the new pier at Weston-super-Mare. 
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Books, Papers and Pamphlets. 

Maihint'Skop Tools and Methods, By W. S. Leonard. London : Chap- 
man and Hall, Ltd., 1905. 

This work is primarily intended for the use of students who 
know little or nothing of machine-shop practice. It was originally 
issued in leaflet form in connection with the lectures to the 
students of the Mechanical Department of the Michigan Agricul- 
tural College, and of which the author is instructor. It has been 
much developed, and has been published in its present form as a 
text book for mechanical students generally. 

The book is profusely and well illustrated with 689 photo 
reproductions and drawings, and, without doubt, the student who 
carefully studies its pages will be much better fitted to enter a 
shop, and will find things come to him much more easily than 
the student or apprentice who is not so prepared. 

Even the experienced machinist or fitter, particularly those in 
charge of shops not equipped with the latest American tools, will, 
if he pass by the more elementary portions, find much to interest 
and possibly instruct . him in the pages of this book, for it is 
always advantageous to compare the methods advocated and 
adopted by others with those practised in one's own shops. 

The book is divided into short chapters, arrarged in the 
following sequence. Measuring systems and gauges of .all kinds 
are illustrated and their uses explained. Hammers, chisels, files, 
surface plates and scrapers, the vice and its accessories^ are the 
subjects of successive chapters. The use of these tools, especially 
that of the file, cannot be acquired by reading, but the hints given 
will nevertheless be very useful for the beginner to remember. 

Drilling machines, drills, their accessories, and the construc- 
tion and use of reamers and bits are taken next, and are followed 
by several chapters dealing with the lathe and its chucks and 
tools in great variety, and which naturally lead up to screw 
cutting, nut and bolt screwing machines, and vertical and hori- 
zontal boring machines. 

Planing, shaping and slotting machines are all discussed in 
turn, and prepare the way for the examination of general milling 
machines and special gear cutting and grinding tools. One of 
the last chapters is an excellent one upon the Interchangeable 
System of Manufacturing, and in which the use of jigs is 
explained. 

As the book treats only of American tools and shop prac- 
tices it is not to be expected that it is free from what we consider 
to be faults, or that we are prepared to admit that all the 
methods Mr. Leonard recommends are superior to those in vogue 
in this country. But taken as a ^whole. it is a most excellent 
book, and we failed to find anything in it that would radically 
mislead a beginner. 

Books Received. 

Fowled i E.€ctfical Ettgineer's Year Book attd Directory for Lights Pouer attd 
Traction Stations ^ igo6. Scientific Publishing Co., Manchester. L643PP' > 
6ins. X 3{ins. ; price, u. td. net.] 
Some 50 pages have been added to this useful annual in order to keep it 
ateeAt of the progress of electrical science. Amongst the substantial additions 
may be mentioned lengthy sections dealing with designing alternators, steam 
turbines and turbo-generators. Additional information is given as to the power 
and cost of electrical distribution, insulating materials, the Bosird of Trade 
rules, and the Home Ofhce regulations as to the use of electricity in mines. 
The whole book has been subjected to its annual thorough revision, and where 
necessary whole sections have been entirely rc-wriiten so that its high and well- 
established reputation is fully maintained. 

Electric BUck Signalling on Railways, By W. J. Thorrowgood. London : 
The Electrician, Salisbury Court, E.C. [Price, 31/.] 
This is an 8-page pamphlet. It is a very elemenury description of Electric 
Block Signalling. Two instruments— Precce's and Single Needle 3-wire— are 
illustrated, but the space at the writer's disposal was inauequate. The pamphlet 
IS No. 8oof **The Electrician'' Primers, which arc being i^sutd with a view of 
providing elementary introductions to the study of various electrical subjects. 



How to See South Africa, The official guide of all the Railway Administrations 
of South Africa, and issued by their authorities. Compiled and publbhed 
by Gilchrist and Powell, Ltd., Hatfield House, President Street, Johannes- 
burg (P.O. Box 3182). [Price, 2f.] 
This is a most explicit, beautifully illustrated and interesting guide. 

A Guide to Electrical Examinations. A handbook of reference for students 
and teachers together with an appendix of specimen questions and answers. 
By Frederic H. Taylor. London ; Percival Marshall and Co., 26- 
29, Popping Court, Fleet Street, EC. [ii8pp. ; 7iin. x Sin. ; price, 
paper cover, \s, net., cloth, \s, 6d. net.] 

Ivatt's Patent Crank Axle. 

The annexed drawing: illustrates the new crank axle which 
has recently been designed and patented by Mr. H. A. Ivatt, 
M.Inst.C.E., locomotive enj^fineer of the Great Northern R., 
and of which Messrs. Taylor Bros, and Co., Ltd., Clarence 
Iron and Steel Works, Leeds, are the sole manufacturers. 

It will be seen that the axle is built up of two similar pieces 
bolted tojjether in the middle through arms set at an angle 
bisecting that formed by the two throws of the cranks. The 
object of this arrangement is to secure greater flexibility, be- 



cause with modern engines of large power the diameters of 
the crank pin and shaft are so large that there is no room 
for any spring in the outer webs at about the part marked a 
on the drawing. Moreover, the inner webs have been 
thickened until the length of shaft between them is too short 
to afford any flexibility. If one throw should fail it does not 
follow that the entire axle would have to be scrapped as in 
the case with ordinary solid crank axles. 



Master Car Builders' Design for Diamond Frames 

of Bogies for Frieght Cars of lOO.OOOIbs. 

Carrying Capacity. 

The annexed drawing accompanied the report which the 
Committee, consisting of Messrs. J. E. Muhlfeld (chairman), 
A. S. Vogt, W. T. Gorrell, C. E. Fuller, and F. M. Gilbert, 
presented at the last Convention of the Master Car Builders* 
Association and recommended for adoption as a standard for 
the bogies of freight cars and locomotive tenders carrying a 
total net and tare load of 150,000 lbs. 



■{- 



-s.'e'- 



v.7i. 



4 



Holui»ColmnboHsl^\ /j^O^I 

^ifhJCiopra^i^ y '^ [ ^iJMBsfBi^ qhi Hoksli'H^AMlf box bolts 



^1 / ^- ^f^''t,st,.oi srfwqnJ Hoksliibi 



.'€*8',0straifM i 



Tkpaflkiil 3 







The dimensions given on the drawing are set out at length 
in the report together with the reasons for their adoption. 
Other dimensions conform to the present M.C.B. standards 
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square by 1 Atjin. thick, their total length from under the head 
is 24V2in., and they are screwed for a length of 2J2ir\. from 
the end. Their nuts are 234 in. square by i-J^j^in. thick. 

The material recommended for the diamond frame or arch 
bars, tie bar and column bolts is good wrought iron, as it 
is better able to stand distortion without fracture, but when 
the best quality of wrought iron is not obtainable then **a 
**good medium carbon low phosphorus and sulphur, open- 
** hearth steel can be used for arch and tie bars. The use of 
** Bessemer steel is not recommended under any circum- 
** stances.** 

The iron should be **made of tough fibrous wrought iron, 
free from admixture with steel scrap," and have a tensile 
strength of from 47,000 to 53,000 lbs. per sq. in., with an 
elongation as rolled of not less than 16 per cent, in Sins., or 
when reduced to a test specimen a tensile strength of at least 
46,000 lbs. per sq. in., with an elongation of 15 per cent, in 
Sins. When nicked and broken by light blows the fracture 
** must show a generally fibrous structure free from admixture 
of steel.** The bars must bend double (through 180°) hot or 
cold over a mandrel of the same diameter as the thickness of 
the bar. 

The steel must contain less than 0*60 per cent, of phos- 
phorus, o*45 per cent, of sulphur and o'So per cent, of man- 
ganese; have tensile strength of not less than 50,000 or more 
than 65,000 lbs. per sq. in., and an elastic limit of 30,000 lbs. 
When the tensile strength is between 50,000 and 60,000 lbs. 
it must have an elongation of at least 26 per cent, in Sins., 
and when it is between 60,000 and 65,000 lbs. the elongation 
must be at least 24 per cent, in Sins. 



Lockle's Non-skidding Scotch. 

The annexed sketch illustrates a Non-skidding Scotch or Wedge 
which has been patented by Mr. W. Lx)ckie, 17A, South Castle 
Street, Liverpool, and which has already been largely used by 
railway companies. It consists of a piece of rough wood sawn 



to shape with a strip of steel ^, the ends of which are turned up 
to form saw-tooth points r, securely fastened on to the under 
side by clinched French nails d. The object of this li tie device 
is to securely ** scotch '* barrels and such like in railway wagons, 
carts, warehouses, &c., and thus do aw^ay with the use of straw 
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whisps or ordinary wedges nailed to the floor — practices which 
have many disadvantages. We understand that four of the large 
French railway companies have purchased hundreds of thousands 
of these scotches, and that they are also extensively used on the 
Midland, the North Eastern, the L., Brighton and S.C, and 
several other British railways. Mr. S. Stone, 75, Finsbury Pave- 
ment, E.G., is the London agent for these scotches. 



"Trafalgar" Graving Dock at Southampton. 

The accompanying is an illustration of the magnificent 
graving dock just completed at Southampton by the L. and 
South Western R. Co., and which was opened by the Marquess 
of Winchester on the 21st ultimo. This dock, one of the 
largest in the world, is amply capacious for the biggesU 
vessels afloat or building. Its principal dimensions are : 
Length, from point of cill to dock head, 875^ft.; length occu- 
pied by keel blocks, 839ft. ; width of entrance, 90ft. ; width of 



New Graving Dock at Souihampton ; L. aud iioulh Western Railway. 
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dock at floor level, 90ft.; width of dock at cope level, 125ft.; 
depth of dock from cope to floor, 43ft.; depth of water over 
cill at high water of .spring: tides, 33ft. ; depth of water over 
cill at hijjh water of neap tides, 29^ft. Since they took pos- 
session of the dock property in 1892, the South Western R. Co. 
have reclaimed an area of nearly 100 acres, formerly known as 
the ** Mudlands," and the new dock, approached directly from 
the estuary of the river Test, stands upon the northerly por- 
tion of this land, in an exceedingly convenient situation. It 
IS built almost entirely of Portland cement concrete, 133,000 
cubic yards of which material has been used. The dock holds 
85,000 tons of water, but can be emptied by two centrifugal 
pumps in 2^ hours. The entrance gates are covered by green- 
heart timber meeting faces, and 250 tons of steel is contained 
in each leaf. They are opened and closed by powerful direct- 
acting hydraulic rams, made by Armstrong, Whitworth and 
Co., Ltd.; and the plant provided for graving purposes in- 
cludes a travelling electric crane — the largest in existence — 
capable of lifting more than 50 tons at a radius of 87ft. This 
enormous steel structure will be invaluable to ships of war, 
as well as to passenger steamers, for which Southampton has 
now made such excellent provision, including no fewer than 
six graving docks. 



^ Edison Primary Batteries for Operating Automatic 

Signals. 

The published accounts of the automatic signals on the North 
Eastern R. and the London and South Western R. do not 
give a description of the batteries used to operate the <>ignals, 
and which are the ** S S " type of the Edison Primary Battery 
(formerly known as the Edison-Lalande), supplied by the 
Edison Manufacturing Co., of New York. 

The battery is illustrated by fig. i, with a part of the 
porcelain jar removed to show the interior of the cell. It 
consists of two copper oxide plates, suspended one above the 
other, in a frame, the sides of which are grooved and pass 
through the porcelain lid of the jar, and are secured by two 
outer nuts. The copper plates are slid up the grooves from 
the bottom, and each is supported by a copper rod passing 
through the channel sides of the frames and secured by nuts 
as shown. Between the top of the upper copper plate and the 
lid of the jar hollow hard rubber insulators are placed 
on the frame sides, to prevent leakage of current between 
the stems of the zinc plates and the frame sides at the surface 
of the solution. 

Each battery has also two zinc plates, between which the 
copper plates are held. The zinc plates have bent stems, 
which pass through the lid of the jar, and are secured on 
either side of the porcelain knob of the lid with a brass bolt 
passing through. 

The solution consists of 20 per cent, of caustic soda and 
80 per cent, of water. A small quantity of oil is placed on the 
top of the solution to prevent creeping and evaporation. The 
proper quantities of soda and oil are supplied by the makers. 
The inside of each jar is marked to indicate the height to 
which it is filled with water. 

The amount of copper oxide used in each cell is so calcu- 
lated that it will be entirely reduced to metallic copper simul- 
taneously with the zincs and the exhaustion of the solution. 

It is apparent from the illustrations that the battery is very 
simple in construction and is readily renewed. New copper 
and zinc plates can be fixed in position, the old solution thrown 



away, new put in, oil added and the battery be again ready 
for work and as good and as effective as when it was new, 
in a very few minutes, at a cost of $1.45. 

One of the chief points of superiority claimed for this 
battery is the absence of local action when not in actual ser- 
vice, and it is stated that in an actual test made with 40 of 
these cells it was found that the average loss in zinc in each 
cell, for a period extending over three months, was a fraction 
over I per cent, per month. 



Fig I. 

It is also claimed that this battery requires no attention 
until the charge is entirely exhausted; that it generates no 
noxious or poisonous fumes, that its permanent parts do not 
deteriorate with use, and that extreme frost has no effect 
upon it. 

The type ** SS " cell has a capacity of 300 ampere hours. 
Its size over all is 6Jins. diameter and i2fins. high. 

Some signal engineers on American railways are working 
their signals from storage batteries, but it does not yet seem 
proved that this course is cheaper than primary batteries. It 
cannot be applied unless there be some power near to generate 
electricity, and therefore could not be used for the automatic 
signals on the North Eastern R. unless portable storage 
batteries were used, but these are costly and inconvenient. 



Composite Corridor Carriages; Great Western 
Railway. 

The annexed drawing illustrates the Composite Corridor Car- 
riages especially designed by Mr. G. J. Churchward, chief super- 
intendent of the locomotive carriage and wagon department, 
Great Western R., for the "limited" express trains between 
Paddington and Penzance. These trains have only two classes, 
viz., I St and 3rd, and the carriages illustrated, of which there were 
two on each train, have three ist-class and five 3rd-class com- 
partments. 

The arrangement of the corridor is quite novel. It crosses 
from one side of the carriage to the other, the object being 
to provide " outside " corner seats on both sides of the train, but 
it also distributes the weight more evenly, and therefore tends to 
promote steady running. The outside windows of the corridors 
are, as shown on the drawing, of large size, in order not to obstruct 
the view from the carriages more, than js absolutely necessary. 
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These carriages are 68ft. long over the mouldings, 48ft 6in. 
between the centres of the bogies, which are 4-wheeled and have 
a wheel base of gflt. The other carriages which made up the 
" limited " expresses are longer, viz., the two 3rd-dass brakes and 
the dining car 70ft. and the 3rd-class carriage 69ft. These car- 
riages have the distinction of being (together with some others on 
the Great Western R.) the longest vehicles jn the world running 
on 4-wheeled vehicles. They are also the widest main-line car- 
riages in this country, being g(i. 6in. at the waist over the 
mouldings, gft. 8) in. at the cornice, and 8ft. loin. at the bottom 
sides. Their height inside from floor to ceiling is 8fl. o^^in. 

The roof is of the elliptical shape introduced by Mr. Church- 
ward, and which is now becoming fairly common on Great 
Western trains. It gives a greater cubical capacity to the inside 
— a welcome improvement on long journeys — it is easier to con- 
struct and much easier to keep clean than the clerestorey pattern. 
It also gives immunity against the claims arising from condensed 
moisture on the clerestorey lights running over the ledge, which 
may happen to be dusty, and dripping on to expensive ladies' 
dresses beneath. 

The compartments, on account of the width of the bodies, 

have no side doors, but the corridors are entered from the ends 

and at the middle of the carriage through vestibules with the doors 

I" set back, as shown. The drop lights are guarded with brass bars. 

•J The interior appointments and upholstery of these carriages 

P does not differ materially from the high standard in vogue on 

2 Great Western ordinary corridor stock, and which may be briefly 
^ described as tasteful, highly finished, comfortable and substantial 
rt Since Mr. Churchward took office he has given particular 
o attention to all details likely to affect the hygienic condition of 
« the carriages, and ornate decorations and mouldings, ledges and 
.f corners likely to harbour dust have been, as far as possible, 

3 abolished, and the cleaning proportionately simplified. 

S The ceilings are divided into panels, filled with 3-ply birch 

'S wood wrought to a fine surface or lincrusta and painted with 

c3 white " flat " enamel. The joints are covered with plain narrow 

•I mouldings lined out with gold and colour according to class. 

I* The result is restful to the eye, it is kept clean with a minimum 

c3 of labour, and does not absorb the light. 

The first-class compartments are upholstered in dark 
coloured (green or blue) cloth trimmed with handsome laces. 
The fa^cks, door frames, &c., are of polished American walnut 
with white enamel end and side panels. The floors are covered 
with thick rugs. The smoking compartments are upholstered 
with morocco leather. 

The third-class compartments are furnished with woven wire 

seats, covered with wool rep or leather, and the floors are laid wiih 

" kork." The partitions and sides above the nets are grained oak* 

All compartments are decorated with framed views of places 

of interest on the G.W. system. 

The first-class corridors are finished with polished V-jointed 
slats, American walnut below the lights and sycamore above; 
the doors are framed in walnut with sycamore panels. The 
third-class corridors are grained, the doors and frames being of 
polished oak. The lavatories are lined with " emdeca." 

The carriages of the ** limited" trains are fitted with the 
Lucas-Leitner system of electric lighting, and which we illustrated 
and described fully in our issue for last May. The carriages are well 
provided with air extractors on the roof to promote ventilation, 
and are also fitted with steam heaters under the seats^ and which 
may be shut off by the passengers by means of a handle fitted in 
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Reinforced Concrete.— V. 

CoLrMNS. 

The strength of Portland cement in compression is nearly 
equU to that of the best building stone, and there is the 
advantage that it can be laid in a monolithic mass without the 
joints that are necessary in all stone columns except those of 
very small sectional area. The tensile strength is, however, 
comparatively small as in the stone. When, however, steel 
rods are embedded in the mass of the concrete the allowable 
deformation of the material is increased some fifteen times. 

Economy of space in most warehouses and other buildings 
will require that the area of the column shall at least not be 
greater than if it were constructed as a steel stanchion pro- 
tected by a fire- resisting covering of tile or terra-cotta. 

In nearly every case columns are liable to flexure as well 
as direct compression, and hence it is desirable that the rein- 
forcement shall be distributed as near as possible to the outer 
surface of the column, in order that it may more effectually 
meet the tensional stresses that occur at the outside surface. 
It is a great advantage to have the concrete restrained 
laterally by winding it with wire or spiral hoops. In some 
systems of reinforced concrete work this is provided for by 
means of a riveted ring around the vertical rods, 
and where beams rest on the columns it is an ad- 
vantage to extend the vertical rods, or some of 
them, and bend them outwards into the horizontal beams, 
and so increase the rigidity of the structure and at the same 
time provide against shear at these points. Brackets between 
the column and the beams to reduce the angle are also very 
desirable, and in most cases are provided. The concrete 
should be of the consistency of brick mortar, and should re- 
quire no tamping. 

The columns for the steel-concrete shops of the United 
Shoe Manufacturing Co. at Beverly, Mass. (fig. i), are of a 
total height of about 62 ft. for the four stories and ground 
floor, and are 20 ft. apart. The section of all the columns in 
plan is octagonal and the diameter varies from 22ins. in the 
ground floor to 8ins. in the top story. Each of the columns 
has eight Jin. vertical bars in its section, and as these are 
lapped i2ins. and spliced at just above the floor level in each 
case by a sleeve of ^in. by Jin. steel, closely coiled throughout 
the overlap, the rods may be said to be practically continuous 
from top to bottom of the column. A helix of Jin. by Jin. 
steel rod formed with a 4ins. pitch is formed around the inner 
surfaces of the vertical reinforcing rods. 

The wooden moulds for the columns were made of 4ins. 
by ijins., mitred together at the angles, and these were sup- 
ported by rectangular cross frames made of 6ins. by 3ins. 
scantling, about 2 ft. 6ins. apart vertically. The concrete 
surfaces in the interior of the building were painted white, 
giving a very satisfactory appearance. 

The Bilgrim machine shop at Philadelphia (fig. 2) was 
arranged for five stories in the total height of 53ft. The 
basement is loft. high, floor to floor, and the other floors 
vary from 14ft. Sins, to loft. in height. The columns in the 
basement are 26ins. square. For the floor above the columns 
are 21 ins. square, for the second floor igins. square, for the 
third floor i7ins. square, for the fourth floor i3ins. square, 
and those in the fifth floor, which supports the roof, are Sins, 
square. The maximum unit compressive stress in the con- 
crete allowed was 500 lbs. per square inch, no allowance in 
this case being made for the reinforcement of the columns. 



In the longitudinal direction the columns are 14ft. 4ins. 
centres, and transversely iSft. 6ins., and in both directions 
girders connect the columns together at the floor level. The 
concrete was composed of i part Portland cement, 3 parts 
gravel, and 5 parts of broken trap rock that would pass 
through a Jin. ring. 

The internal columns of the Thompson and Norris Co. *s 
factory at Brooklyn are circular in section, and vary in 
diameter from 28ins. in the basement to i2ins. at the top. 
They were made in moulds of No. 10 expanded metal with 
3ins. mesh, curved cylindrically and with wired joints, and 
inside each cylinder are four vertical rods, lin. diameter in 
the basement, reducing to Jin. in the sixth story. In all 
cases the rods project a couple of feet above the floor level of 
each story, and at this point they are spliced by four Jin. rods 
or fish bars four feet long, which are thoroughly secured by 
3-i6in. wire wrapped around their entire length. The vertical 
rods were arranged to resist the lateral or bending only of the 
column, whilst the concrete was assumed to be able to carry 
a maximum compressive stress of 750 lbs. per square inch. 
The columns were covered by a ^in. coating of cement mor- 
tar. A sketch of the base of one of the columns is given in 
fig- 3> ar*<^ it will be noticed that the foundation was rein- 
forced with rods in order that it might resist as a cantilever, 
and that the base of the column projects all round to give it 
a better and increased bearing on the foundation. 

The warehouse of the J. M. Bour Co. at Toledo, Ohio, 
has columns running up through the height of four stories. 
They were in the form of squares chamfered at the four 
corners, and were 2oins. at the lowest story, i9ins. above in 
the first and second stories, i6ins. above in the first and 
second stories, i6ins. in the third and loins. in the fourth 
and top story. The spacing of the columns was i6ft. 6ins. in 
both directions. Where girders rest on the columns corbels 
or brackets were formed of the same width as the thickness 
of the girder. The corbels were I2ins. long and were re- 
inforced with rods parallel to the inclined face. As all beams 
were assumed to be fixed at their ends to the columns special 
reinforcing straight rods were placed at the level of the top 
of the beams and were made to extend on each side of the 
columns over one quarter of the span of the beam. In the 
design of the columns it was assumed that the concrete would 
take a stress of 350 lbs. per square inch, metal being added 
for theoretical deficiency in strength. It is interesting to 
note that the moulds of the columns were at first filled in only 
about 6ft. of their height, but it was found tha he slight coat- 
ii g of cement around the upper length of rods prevented the 
essential adhesion of the succeeding concrete laid around 
them. 

The Robert Gair warehouse in Brooklyn is an important 
building of eight stories and a basement, each 13ft. 4ins. in 
height. The footings of the interior columns are 12ft. square, 
but varying in thickness from 3ft. 4ins. at the centre to 6ins. 
at the edges, and the concrete is reinforced here by lin. rods 
spaced gins, apart in two courses at right angles to each 
other at a distance of 3ins. above the bottom. In the base 
of the columns are placed lin. rods 3ft. long, this length being 
arranged half into the footing and half up into the base of 
the column. The columns vary in size from 27ins. square 
in the basement to loins. in the eighth story, and the rein- 
forcement commences with eight i|ins. round rods in the 
basement, 3ins. from the surface, and continues in this man- 
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ner in the first story, but in the second and third stories six 
rods only are adopted and four in the stories above, the 
diameter of the rods in the last case being but fin., at a dis- 
tance of 2ins. from the surface. The columns are square in 
cross section, with corners rounded at 2ins. radius, and in 
all cases the ends of the bars are connected by a sleeve. In 
the basement the vertical rods are hooped with Jin. rods every 
4ins. of vertical height, diminishing to loins. apart in the 
eighth story with 3-i6in. rods. 

The late experiments of Professor Caustland, of Cornell 
University, on reinforced concrete columns, are of much 
interest in this consideration. A series of columns 4oins. 
long by loins. diameter were arranged, some without rein- 
forcement at all, some with vertical rods embedded in the 
mass with a few hoops, and others with a series of hoops 
close together. Upon testing these it was found that whilst 
the columns made of concrete alone had an average breaking 
load of 115,000 lbs. per sq. in., those bound round with hoops 
only had an ultimate breaking load of 214,600 lbs. per sq. 
in., and it was further discovered that the binding of the 
material by means of the hoops was far more effective in 
strengthening the concrete column than the arrangement of 
vertical rods alone. 

Walls. 

The walls of the Parkville sub-station of the Brooklyn 
Rapid Transit Co. are a typical example of reinforced concrete 
construction. A series of pilasters or columns were made 
in the first instance with slots left in their sides (fig. 4) to 
engage with fiUing-in or curtain walls that were put in at 
a later date, and are virtually thin slabs of concrete acting 
only as weather protection. A travelling crane with run- 
ners was provided for also by special girders against the 
wall, and at each of the wall pilasters an inside buttress or 
column was formed as an integral part of the wall to carry 
the crane girders above it. The pilasters are 3ft. by ift. 
and are reinforced by six rods, each Jin. diameter, and by 
horizontal tie bars of a less size. The wall slabs are Sins, 
thick and have tongued and grooved joints into the pilasters. 
They are reinforced throughout by 5-i6in. vertical and hori- 
zontal rods. Over the door and window openings a lintol is 
formed, and this is provided with special reinforcing rods 
bonded at the ends, although the lintol is made as a part of 
the wall slab. The walls were constructed in panels 14ft. 
long by 3ft. high between the pilasters, and were subsequently 
covered with a coat of cement mortar of i to 2^ proportions. 
The bond between the pilasters and the wall slabs was assisted 
by means of horizontal rods 2ft. long and 5-i6in. diameter, 
built into the pilaster and left projecting for the subsequent 
filling in. 

The Thompson and Ncrris Co.*s factory at Brooklyn has 
a total height of 72ft., the outer walls being composed of a 
series of wall columns rectangular in plan, with dimensions 
varying from 2oins. by 26ins. at the lowest story to loins. by 
I Sins, at the top story, diminishing by means of offsets at 
each floor. Four corrugated bars varying from i Jins. at the 
base to ^in. at the top story are embedded in each of the 
rectangular columns, and these bars are spliced at each story 
at a point 2ft. above the floor level. The filling in between 
the wall columns is Sins, thick at the bottom and 6ins. at the 
top, and forms an integral part of the construction with the 
columns. The corner wall columns are L shaped, and have 
five vertical bars, and in each case the bars are wired together 



spirally, 6ins. pitch with 3-i6in. wire, or are wired to rectangu- 
lar horizontal Jin. frames spaced at i2ins. centres vertically. 
The windows fill about one half of the entire wall surface, and 
are made of wire glass set in metal sashes. 

The warehouse of the J. M. Bour Co., Toledo, Ohio, is 
four stories in height, and is divided into three sections by 
concrete partitions only 4ins. thick. For the reinforcement 
vertical bars ijins. by Jin. were placed i6ins. apart, with 
round bars |in. diameter, 6ins. apart, wired to the vertical 
bars. The horizontal rods were placed alternately on each 
side of the vertical bars, with their ends built into the columns. 
This partition carries the weight of the adjoining floors, and 
was built at one operation with the floors themselves. 

The walls of the Robert Gair warehouse at Brooklyn are 
nine stories in height, and consist of Sins, curtain walls, in 
which are large window areas, with metal frames and wired 
glass. At 16ft. or iSft. centres are placed wall columns or 
piers rectangular in plan and in size 2ft. by 4ft., varying 
through the height to a thickness of ift. 4ins. Each of the 
wall columns is reinforced with four vertical rods, lin. for 
the first story, diminishing to ^in. in the top story. At the 
bottom of the wall the vertical bars are hooped with Jin. 
bars at i2ins. distances, varying to isins. centres at the top. 
In each case the vertical bars rest on cup-shaped castings 
designed to distribute the weight over the footings. Over 
the windows are wall beams or lintols ift. 6ins. by loins. wide, 
with four Jin. rods along the lower surface for reinforcement. 
The pilasters in the walls were tooled for the sake of appear- 
ance, whilst the face of the curtain was left plain as it left 
the forms. 

The shops of the United Shoe Machinery Co. at Beverly, 
Mass., have walls made up of columns rectangular in plan, 
girders over the openings and a deep cornice, of which fig. 
5 shows some of the details, and of window area. On one 
side of the building the piers are hollow for use as hot air 
flues which communicate with hot air chambers in the walls, 
as shown in the sketch. The wall piers or columns are re- 
inforced with four vertical rods fin. diameter, continued from 
the basement up to the parapet. At each 2ft. in the vertical 
height Jin. bars are placed horizontally, and galvanised steel 
strips are also embedded in the concrete to keep the wooden 
window frames in position. The wall piers or columns go 
down and finish on to a footing 5ft. by 5ft. and between these 
footings the wall is made solid and is reinforced in the usual 
manner to form it into a beam or girder. The wall columns 
are 20ft. centres throughout the length of the wall. The 
partitions in this building are generally 4ins. thick and the 
area of the slab is about 20ft. by 14ft. In this thickness 
vertical bars Jin. thick arc placed at distances of 3 ft. apart 
and staggered in such a way that the rod is Jin, away from 
the face of the partition on alternate sides of the slab. On 
the inner side of these vertical bars are wired horizontal bars 
also Jin. thick, and in like manner staggered to go alter- 
nately to the two faces of the partition. On each side of the 
openmgs two Jin. bars, and at the corners one Jin. bar is 
placed, with one ^m. bar over each doorway. The vertical 
bars in the partitions go down and up into floor and ceiling, 
so as to form dowels that hold the partition in its position. 
Retaining Walls. 

The section of the retaining wall shown in fig. 6 was built 
in Indianapolis and is 300ft. in length, but is to be extended 
yet another 6ooft. The reinforcement consists of Jin. cor- 
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rugated bars, laid horizontally at the front, back and base of 
wall, spaced at one foot centres throughout. The vertical 
rods in the front of the wall are of the same description as 
the horizontal bars, but are spaced at two feet centres, those 
in the back and inclined surface at the heel being spaced at 
one foot centres. From an English engineer's point of view 
this wall seems to be extremely thin, and it would appear that 
the ground both behind and under the wall must have been 
of a very satisfactory nature to have justified the design. 

The Thompson and Norris Company's factory at Brooklyn 
has vault or retaining walls (fig. 7) stiffened inside with 
buttresses, or pilasters, and provided at the top of the wall 
with a reinforced concrete beam to support the footway over 
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the vault. The footings project some distance inside the 
wall and are designed to act as cantilevers under each of the 
butresses. The bars are Jin. in diameter, four being placed 
at the top of the concrete cantilever and seven at the lower 
surface. Between the projecting buttresses the wall consists 
of a simple reinforced concrete slab. 

The retaining wall of the Philadelphia Rapid Transit Com- 
pany, under Market Street (f\^, 8), is vertical at the back, but 
inclined fin. in the foot on the face, and is 3ft. 6ins. in thick- 
ness at the top. At a distance of 6ins. back from the rear 
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of the wall |in. reinforcement rods are placed vertically at 
Sins, centres, and are curved at the foot into the horizontal 
position, where they continue until 6ins. away from the toe 
of the footing-. At the bend the vertical rods are curved 
round a 2jins. gas pipe as indicated in the figure, the rod 
being wired to it. Alternate with the horizontally bent con- 
tinuations of the vertical rods are placed Jin. horizontal rods 
I oft. long. Other horizontal rods at right angles to the 
plane of the cross section of the wall are laid in as shown in 
the sketch, spaced at 2ft. centres apart vertically. Where 
different sections of the retaining wall join each other an 
interesting feature is a series of clamps spaced at 3ft. centres 
vertically. One plate is embedded in the concrete of one sec- 
tion and two plates are fixed likewise in the next section in 
such a manner that the arrangement is that of the tongue 
and groove, a method that was designed to prevent lateral 
movement of one section from another, but at the same time 
intended to permit the inevitable unequal settlement of the 
two sections. 

The outer wall of the coagulating basin of the filtration 
plant at Marietta, Ohio, may perhaps be included as an 
example of a retaining wall, and was designed not only as a 
cantilever to resist the pressure of the water but also as a 
beam to resist the force of the water which was assumed to 
be concentrated at a point at one-third the depth of the water, 
the lower floor and the roof being assumed to provide the 
necessary reactions for the beam. The wall is 3ft. 6ins. in 
thickness at the base and 21 ins. thick at the top, the inner 
face being vertical and the outer face inclined. Vertical rods 
(fig. 9) are placed in the concrete, Jin. diameter and 6ins. 
centre, on both sides of the wall 3ins. within the surfaces At 
the same time horizontal rods, fin. diameter and i6ins. 
centres, are also provided. At the corners of the building 
additional rods, fin. diameter and 8ft. long inside, i6ft. out- 
side, were arranged horizontally on i-^'irs. centres inside the 
vertical rods. 



Passenger Car Paint Shop and Varnish and 

Cleaning Rooms ; Lake Shore and Michigan 

Southern R. 

The varnish and cleaning rooms of the passenger car paint shop, 
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There are eight of these washing tanks, each of which is built 
up of sections, figs, i and 2. Each tank consists of three middle 
sections and the necessary two end pieces, all of cast iron, which 
are bolted together, making a tank of great strength 
and durability. This method of erecting them effected 
a very material saving in the pattern work for the cast- 
ings, and if by chance any section is broken a new one can be 
bolted in place of the broken one with comparative ease. The 
method of erecting them, as well as of supporting them upon the 
iron framework stands, is well shown in the drawings. 




Fig. I.— Detail Plan of South end of the Pa>scnger Car Paint Shop, showing 
arrangement of Cleaning and Varnishing Rooms 



^ 






-^ r ? 



•^ 9-~lf^'mab€ini^ Tip 





ClCfotiry^ 






Cc*wra{i.-t^' 



n-^J- 



'cffoss ssc7/<^. ' >*^ir SftrtOM rm^CuCJt avrrr^. 

Fig. 2.— Details of the Sectional Washing Tanks. 
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Fig. 3.— Construction of the Adjustable Rack System for carrying Freshly Varnished Sash, &c. 

fig I, at the CoUinwood shops of the Lake Shore and Michigan 
Southern R. are especially well arranged. In the cleaning room, 
which adjoins the main shop on the south end, is to be found a 
novel system of tanks for washing sash and other parts of the 
woodwork of passenger cars under repairs. The question of 
supplying sufficient tank room for this work on so large a scale 
and in such a manner that it shall be easily accessible has been 
successfully met by the system illustrated by fig. 2. 



very 




Sectional tanks, not only simple of construction but also easy 
to repair when same is necessary, have been adopted. 
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Fig. 4. — Details of the Special Corner- piece Clamps for securing the stanchions 
and of Triangular Galvanised. Iron Suoporting Stris^Q i ^ 
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In front of each row of washing tanks is located a covered 
gutter for draining the drip from washed pieces to the sewer. 
The floor slopes toward this gutter for more than 5ft. back from 
it. Each tub is piped up for water supply and also with a steam 
connection for delivering heated water ; this is accomplished by 
injecting the steam, from the Jin. pipe, as shown, into the water 
pipe, while the cold water is running from the tap, the steam 
being led into the water pipe through a special mixing connection 
in a tee fitting. 
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The plan of the varnish room, fig. i, indicates the locations 
of these racks, of which there are three, each 24fi. long and 5ft. 
wide. The peculiar shape of the supporting strips B, fig. 4, is 
such as to carry a sash by contact at a corner only, so that the 
freshly varnished surface is not interfered with. These racks are 
each located between the varnishing benches, so that the work 
may be placed directly in the drying rack after varnishing. 

For the support of freshly varnished doors a different system 
of racks is adopted. This is a standing rack (fig. 5), consisting 
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Otfaif of Floor Strips, 
Fig. 5.— Details of Arrangement and Constniotion of the Rack System for Supporting Freshly Varnished Doors. 



Another feature which is of interest is the system of racks 
used in the varnish room for storing window sash and blinds 
while drying. This arrangement of racks (figs. 3 and 4) provides 
a most efficient means for storing the entire equipment of a car 
while drying, so that the least possible amount of room is 
required. It consists of a long framework of iron bars, as shown 
in the accompanying engraving, with adjustable stanchions, which 
may be arranged to accommodate any width of sash or blinds. 
The stanchions, or movable partitions, are merely slid along the 
iron bar guides, and, when properly spaced, are clamped securely 
by a binder at each corner. (A, fig. 4). 



of a floor frame piece with strips running crosswise having 
bevelled edges ; above this is erected an elevated longitudinal 
supporting stringer with projecting taper pegs. The door rests 
between two of the strips on the base and between two corres- 
ponding pegs above ; in this way the door will be supported 
entirely by edges and the freshly varnished surface is protected. 
Each of these two door racks is 14ft. long and the elevated 
supporting stringer is located 6fi. above the floor. Each rack has 
a capacity of 54 doors upon either side of the stringer, making 
the total capacity 108 doors. — American Engineer and Railroad 
Journal. 



Foup-Cylinder 6-Coupled Express Engine; London 
and South Western Railway. 

The latest type of passenger locomotive introduced by Mr. D. 
Dnimmond, M.Inst.C.E., chief mechanical engineer of the 
L. and South- Western R., for working heavy and fast trains 
on that line are of the 4-6-0 type, with four single-expansion 
cylinders arranged in pairs, one inside and the other outside 
the frames, each pair driving a separate axle. 

The design is illustrated by the accompanying photograph, 
for which we are indebted to Mr. Drummond. Walschaerts' 
valve-gear is employed for actuating the valves for the outside 
cylinders, which are placed at the rear of the bogie, and drive 
the intermediate coupled wheels. Valve motion of the ordinary 
Stephenson pattern is used for the inside cylinders, which 
drive on to the crank axle of the leading coupled wheels. 



The boiler is of very large proportions; indeed it could not 
very well be made larger whilst still retaining the ordinary 
form of mountings, and upon this feature of the design the 
success of the engine will largely depend, for the cylinders 
have an aggregate capacity equal to that of two of 22ins. 
diam. by 24ins. stroke, without of course possessing a wider 
range of expansion than would be obtained with the two- 
cylinder type. 

The engine, which ranks among the most powerful in pas- 
senger service on British railways, has four cylinders, i6ins. 
diam. by 24ins. stroke, coupled wheels 6ft. oins. diam., total 
heating surface 2,727 sq. ft., and weighs loaded, without 
tender, 73 tons. The fire-box is of the water tube type, and 
the smoke-box contains the Drummond spark arrestor and 
fuel economiser. 



New 4—6—0 Type 4-Cylindcr Passenger Engine ; London and South- Western Railway. 
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Bridges on the Bow to East Ham Widening; 
London, Tilbury and Southend Railway.— II. 

By Chas. S. Lake. 
In the course of the article (in the Railway Engineer {ox October) 
dealing with the general scheme of the Bow to East Ham 
widening works of the London, Tilbury and Southend R., it was 
stated that further and more detailed reference would be made 
in the present issue to the principal bridges on the route. 
Through the courtesy of Mr. Jas. R. Robertson, M.Inst.C.E., 
Chief Engineer, and his Resident Engineer, Mr. S. Heaton-Ellis, 
A. M.Inst.C.E., we are enabled now to fulfil this promise, and also 
to present detailed drawings showing the design and construction 
of the bridges referred to. 

It will be remembered that the widened lines start at Camp- 
bell Road Junction, where the Whitechapel and Bow R. joins the 
London, Tilbury and Southend main line. At the time of the 
commencement of the widening the bridge carrying the line over 



Fig. I. — Bridge over Campbell Road. Removed when Bow to West Ham 
Widening was carried out. 

Campbell Road was comprised of two outside main girders, sup- 
porting at a distance of some loft. from their respective abut" 
ments two heavy suspended girders (see fig. 1) fixed directly 
over the footpath kerb in the public street, and these in turn 
supported two smaller main girders, the latter being approximately 
parallel to those on the outside, thus dividing the bridge into three 
portions. This arrangement was necessitated by the restricted 
depth available, while no supports were allowed in the street below. 
The widening operations made it obligatory to remove nearly all 
this bridge as, with the exception of the outside girders, it could 
not be adapted to meet the new requirements. 

In effecting the removal, the first thing done was to erect two 
trestles on each side of the suspended girders to support the short 
main girders in the middle portion of the bridge. The suspended 
girders were then cut away and lowered between the trestles to 
the footway, and from thence removed. Prior to this the new 
abutments on the north side of the railway (and which were to 
carry the new lines) had already been built, and as many bed 
stones as possible fixed in position. The portion of the old 
bridge on the north side, consisting of one long main girder and 
one short main girder with flooring between, had been prepared 
for removal previous to the night of October ist, 1904 (the date 
selected for the re-construction of this portion of the bridge) and 



work commenced immediately after the passing of the last down 
train shortly before i a.m. Within a little over 10 hours from this 
time the operations had been carried to a successful conclusion 
and the new girders put in position with a temporary limber floor, 
and the new lines were then laid ready for traffic. The remaining 
portion of the old bridge was next removed and the new girders 
placed in position by October i6th, 1904, the permanent way being 
carried between girders as in the previous case with a temporary 
timber flooring. The work of building the jack arches was then 
proceeded with and completed in the ordinary course. 

The widening is next carried over the North London Railway 
and Locomotive and Carriage Works at Bow, by a bridge 
having a clear opening varying from 135ft. on the south 
side to 150ft. on the north. It was decided that whilst this 
widening was being carried out the existing bowstring bridge 
carrying the London, Tilbury and Southend R. over the 
North London R. should be renewed, and a new bridge of 135ft. 
span was built. The removal of the old bridge and the placing 
in position of the new one was a matter attended by no small 
difficulty, and a short description of the manner in which it was 
accomplished will doubtless be of interest. 

A heavy timber staging was built on the north side of the 
L.T. & S.R. old line, and upon this the new bridge was erectedi 
complete with permanent way, the old bowstring bridge, which 
was constructed of two outside and one centre girder and a 
flooring of i2ins. x lains. timbers bolted to the underside of 
the bottom flanges, having in the meantime been gradually dis- 
mantlt d until only the flooring, supported by a strong timber 
staging, with steel beams acting as rail bearers, remained in 
position. The work of removing the permanent way, together 
with the timber flooring and longitudinal rail bearers, was com- 
menced at 12.40 a.m. on Sunday morning, July loth, 1904, and 
by 4 a.m. the necessary clearance had been effected. The 
new bridge, which is constructed wholly of steel, and on which 
the permanent way had already been laid, weighing together 
about 420 tons, was then traversed, some 30ft., on trolleys 
running on the abutments, into position, by means of hand 
winches and tackle. This operation was finished shortly after 
6 a.m., and two hours later the bridge had been lowered by 
hydraulic jacks into its final position. By 10.30 a.m. on the same 
day the permanent way had been connected up, and at 1 1.20 a.m. 
(loh. 40m. after starting operations) the first passenger train 
passed over the new structure. The second bridge, viz^, that for 
carrying the widened lines on the north side of the railway, was 
then proceeded with, the same staging as before being employed 
for the purposes of erection, the site in this case being the 
permanent one. 

Each of the spans over the North London R. has two main 
girders, see figs. 2 to 4, of the open braced type, with curved top 
boom ; 18 cross girders 9ft. apart, rail bearers and flooring. The 
main girders are 17ft. deep at the centre and 12ft. at the ends, 
the booms being of trough section with two webs, ifi. loin. in 
depth. The ties are attached to these by steel gussets and the 
struts are of ordinary girder section, viz., flanges, angles and web. 
The main girders are braced together by three overhead lattice 
cross girders with diagonal ties. B6th the renewal and new 
bridges are supported at both ends on 9in. steel pins in cast iron 
knuckle bearings, and expansion and contraction is provided for 
at the west end by bronze sliding plates, details of which are 
given in fig. 7, these have been found to give very satisfactory 
results. The permanent way on the bridge is of the standard 
London, Tilbury and Southend 
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gradient of i in 90. Great attention was given in designing the 
bridge to render every part of it easily accessible for cleaning and 
painting. In order to provide easy access in the future to the 
underside of the floor for purposes of painting and general main- 
tenance, rails have been fixed on the outside of the bottom booms 
on which a light suspended gantry can run, and so avoid the 
expense and trouble of fixing scaffolding on each occasion. The 
approximate weight of steel in each bridge is 400 tons. 

Before reaching Bromley Station the railway passes over 
Devons Road by a bridge of ordinary construction with plate 
girders and trough flooring. This bridge was originally the pro- 
perty of the North London R., but had been taken over by the 



the bottom tapering to 6ft. at the top. The height from the 
bottom of the foundations to the top of the cylinders varies from 
40ft. 6in. to 46fl. 6in. Below each of the cylinders there is an 
undercut concrete toe from 3ft. to 4ft. in depth, and projecting 
between ift. and 2ft. all round outside of the cylinder. The 
cylinders were sunk in the following manner : — A large square 
timbered hole was cut to a depth of 23ft. from ground level. 
The bottom sections of the cylinder were then placed in this and 
well weighted down through 12ft. of ballast on to the blue clay 
below, the ballast being excavated by divers. The cylinders were 
pumped out and further weight applied ; the top layers of clay 
(which were freely impregnated with sand and moisture) being 
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Fig. 4. — Bridge over North London R. Elevation of 

London, Tilbury and Southend R. Co. Owing to its light con- 
struction it was necessary to renew the superstructure, which 
operation was carried out in the course of a night. 

The most important bridge on the route is that over the 
River T^ea and Bow Creek. It has two spans measuring 194ft. 
3in. from centre to centre of bearings ; these being carried upon 
six cast-iron cylinders filled with concrete in the lower portions, 
and blue brick work in cement for the upper portion. The 
cylinders, of which two were placed on the shore on either side 
and two beside the tow-path in the centre, are sunk to a depth of 
from 1 8ft. to 24fi. below the bed of the river. The centre cylin- 
ders, which carry the ends of both spans, are isft. diam. at the 
bottom tapering to 7ft. 6in. diam. above ground level, whilst 
those on the shore ends of the bridge have a diameter of 9ft. it 
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South Girder. Bow to East Ham Widening ; L.T. & S.R. 

excavated until an approved bottom had been reached. None of 
the work was done under air pressure. The next step was the 
formation of the concrete toe already referred to at the base of 
each cylinder. This was done by cutting a circular hole 3ft. 
diam. and a 3ft. to 4ft. deep (according to depth of toe) in the 
centre of the space enclosed within the cylinder and filling the 
cavity thus formed with concrete, the remaining portion of the 
toe being put in in segments, each of which was filled in with 
concrete before further divisions had been excavated. 

No difficulty was experienced in carrying out this part of the 
work, except at one point, viz., where the foundation of one of 
the new cylinders abutted on a cylinder supporting the existing 
bridge, which stands immediately alongside the new one on the 
north side of it. It was anticipated that trouble might be exp 
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Fig. 6. — Bridge over North London Railway. Details of North Girder, Bow to East Ham Wideniog ; L.T. & S.R. 



rienced at this point from water breaking in during the excavation 
of the last segment of the toe for the new cylinder, and conse- 
quently this was provided against by having the concrete filling 
prepared and ready to drop into its place the moment the water 
made its appearance. The plan was carried out with great 
promptitude, and in this way any danger of flooding the cylinder 
was entirely avoided. On the completion of this portion of the 
work the cylinders were filled in with concrete to a height of 30ft. 
fiom the bottom, the remainder being filled with blue bricks set 
in cement. 



Before proceeding with the superstructure all the cylinders 
were thoroughly tested, those in the centre under a load of 
750 tons of steel rails (fig. 14), and those on the shore under a 
load of 380 tons. These weights were kept in position about a 
week — until the downward movement of the cylinders had 
ceased, which occurred after sinking from Jin. to 2jins., these 
figures being the minimum and maximum of the movements 
registered. 

The abutments between each of the two shore cylinders are 
built of concrete 4ft. 6ins. to.6ft. in thic^nesj-i^^fi^d up 
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Fig. 7.— Bridge over North London Railway. Details of Brickwork and Bearings. Bow to East Ham Widening ; L.T. & S.R. 



with steel rails built together inside the concrete. They rest upon 
the top of the ballast, which is practically the bed of the 
river. 

In erecting the super-structure, the four girders were built up 
on the Plaistow bank and piles were driven in the river Lea and 
in Bow Creek, leaving an opening for barge traffic of about yoft- 
in both waterways. The girders were drawn over one at a time 



by means of a steam winch, and those intended for the south 
side were then traversed sideways to their final positions- 
Great difficulty was experienced after having traveiBcd the 
River Lea girders, in lowering them on to their bearings 
owing to the extremely soft nature of the ground on which 
the temporary packings rested. It was, therefore, decided 
in the case of the Bow Creek span to drive piles against thc^ 
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cylinders on either side to a depth of ao feet below ground level, 
and on these the southern girder was traversed, and both were 
then lowered to their bearings without difficulty. 

The bridge (see figs. 6 and 7 Oct., 1905, issue) is constructed 
wholly of steel, the main girders being i6ft. Sins, deep, with parallel 
booms of trough section ift. loins. deep, and webs i^in. thick 
throughout, with double system of open web bracing. The main 
girders are braced together by eight overhead lattice cross girders 
with diagonal ties and are supported at both ends upon 1 2ins. steel 
pins in cast iron knuckle bearings. Expansion and contraction is 
provided for at the shore ends by bronze sliding plates. 
Hobson's flooring, stiffened with steel channel ties and diaphragms, 



the flooring, which consists of cross girders, rail bearers and floor' 
plates. 

The new bridge is provided with rails for carrying a suspended 
running gantry for cleaning and painting, similar to that on the 
bridge over the North London R. above mentioned. 

The widening next crosses a bridge over a sunk road 20ft. 
wide made for the Gas Light and Coke Co. This bridge is con- 
structed of square section of steel trough flooring resting on brick 
abutments. The troughing is filled in with cement concrete and 
brought to a level surface, and coated with asphalte. The depth 
from underside of flooring to top of rails is 2ft. 6Tns. 

In future issues we shall publish drawings of the bridge under 
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Bridge over North London Railway. Bow to East Ham Widening ; L.T. & S. R. 



has been used in this bridge. Coke breeze concrete in cement in 
a proportion of 4 to i has been used for filling in the haunches, 
and the whole brought to an even surface, and then coated with 
Seyssel asphalte, provision being made for carrying off the water 
at the sides. By this system of flooring a very large amount of 
dead load is saved, the continuity of the permanent way is 
unbroken and the even surface obtained enabled a junction 
for Bromley Goods Yard to be laid on the bridge. The 
total depth from the under side of flooring to rail level is 2ft. yins. 
The permanent way is of the L.T. and S. standard pattern. The 
total weight of steel used in the bridge is approximately 1,050 
tons. The older bridge which stands close alongside the new 
structure is of very similar design, the chief difference being in 



the public road at Pelley Road, the Occupation Bridge for the 
Gas Light and Coke Co. and the bridge over the River Lea. 

At West Ham the widening crosses over the Woolwich branch 
of the Great Eastern R. and Manor Road by six spans, three on 
the north and three on the south of the existing bridge. These 
are all constructed of ordinary plate girders and trough flooring 
(in which are embedded the sleepers), supported on brick piers 
and abutments. 

Between West Ham and East Ham the widening passes 
under seven bridges, iTiosily of a similar construction, viz., longi- 
tudinal girders ab.ut 9fc. deep, jack-arches supported by bncfi^ 
abutments on either side, with a steel trestle in the centre of the 
railway,, the spans being from 25 to 30 feet. Provision has been 
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Fig. 12. — Looking down one of ihe Cast Iron Cylinders 30 feel deep. 
Bridge over River Lea. 



Fig. i4.~Testing Cast Iron Cylinder under a load of 750 tons. 
Bridge over River Lea. 

made for carrying pipes and mains in the two outside bays of each 
bridge, by substituting a flat jteel plate in place of the brick jack- 
arch. 

The contractors who successfully carried out Mr. Robert- 
son's plans and designs were :— For the whole brickwork and 
steelwork for the bridges between West Ham and East Ham, 
Messrs. J. Mowlem and Co., of Westminster ; for the cylinders 
and abutments of the River Lea, Messrs. T. Docwra and Sons, 
Balls Bond, N. ; for the bridges over the North London R. and 
Devons Road, Messrs. Head, Wrightson and Co., Stockton-on- 



Fig. 13. — Undercutiing a Cast Iron Cylinocr 30 feci deep for the concrete 
foundations. Bridge over River Lea. 

Tees ; for the River Lea bridge, Messrs. Arrols Bridge and Root 
Co., Glasgow ; and for the remainder of the steelwork, Messrs. 
The Horseley Co , Tipton, Staffs. 

To Mr. H. W. Stride, A.M.LC.E., credit is due for the way he 
supervised and carried out the general work in his capacity of 
District Engineer and for the manner in which he solved the 
intricate problems connected with the many alterations and 
diversions of the permanent way which had to be made without 
causing any interference with the regularity of the traffic on the 
line. Mr. S. Heaton-Ellis, A.M.LC.E., who acted as Resident 
Engineer on the principal part of the widenings, and under whose 
charge most of the bridges described were erected, is also to be 
congratulated on the result of his labours and the well-flnished 
appearance of the works. 

In conclusion, the writer desired to express his thanks to Mr. 
James R. Robertson, M. Inst.C.E., for the facilities to view the 
bridges and also for the use of drawings accompanying this 
article, also to Mr. S. Heaton-Ellis for explaining the details of 
the bridges on the site of their erection. 



Four-Cylinder Compound Locomotive, with Super- 
heater ; Belgian State Railways. 
Bv Charles R. Kino. 
One of the three en.ircly new four-cylinder locomotives built this 
year, for the State Railways of Belgian is shown in the accom- 
panying illustrations. It is known as Class 19A, and is intended 
for hauling the heaviest express trains upon lines of steep 
gradients, and for this reason the wheels are only yojins. diam. 
It is designed to pull a train of 350 tons at 62 miles per hour on 
the level. Eight engines are to be built of this type, and the 
design will be further repeated in identical engines, but having 
wheels of the standard size for the fastest trains of the Belgian 
State Railways, that is, ySins. 

The locomotive illustrated has the double-action Cockerill 
superheater for compound engines, but the second and third 
engines will, for purposes of experiment, ^fHS^ ■^'jpih the 
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Cockerill single-action or receiver-superheaters, which are fitted to 
another engine series, Class 19. 

The locomotive under notice, although following Central 
European practice in having the low-pressure cylinders outside 
the frames, and only two sets of valve-gears, is really on the Paris, 
Lyon and Mediterranean balanced compound system, as designed 
in 1888 by Chief Engineers Henry and Baudry. 

The inside cylinders are advanced about half their length 
ahead of the outside pair to allow the inside connecting rods to 
work on to the first coupled (cranked) axle, and consequently the 
union of the two sets of cylinders is a strong one, arid neither the 
outside cylinders nor the saddle casting connecting them trans 
versely present any impediment to easy inspection of the inside 
cross heads and piston rod packings, as is the case in some other 
arrangements in vhich the inside cylinders are much more 
advanced ; moreover, there are no inside frame stays, as they are 
not needed in this form of construction (see plan). The accessi- 
biliiy of the engine, for inspection or repairs, is therefore 
practically the same as in the Central European designs. 



voluminous with the object of preventing excessive compression, 
for superheated steam has the reputation of bebg very inelastic 
and of causing heavy wear in bearings, axle boxes, &c. Small 
clearance volumes can be easily arranged with piston valves, even 
where there is only one valve chest for two cylinders ; but practice 
shows that for high-speed locomotve engines a large clearance 
volume is necessary for free steaming ; and the old term, €spQC< 
nuisibk^ in French, is now being replaced by the Italian espact 
morfy and, better still, by espace neutre ; for, so far from being 
detrimental in locomotives, large clearance spaces are a real 
necessity. 

The valves are operated by the Walschaerts' gear. It is not 
without interest to note that this gear was invented by Egide 
Walschaerts, a Belgian mechanical genius, and patented on 
October 5th, 1844, when the Sharp gear was in general use, and 
before the Howe or Stephenson gear had been much used* The 
same gear was patented by Waldegg von Hensinger in 1849, or a 
)ear later than Walschaerts' improved mechanism, which is prac- 
tically the same to this day. Since that time the Walschaerts' 



Four-Cylinder Compound Locomotive, wiih Superheater. Belgian State Railway. 



It is interesting to notice that the P.L. and M. locomotives 
have their cylinders cast in three pieces, viz., the low-pressure 
cylinders, inside, forming one piece, and the two smaller 
cylinders, outside, bolted to the frames, while in the Belgian 
engines the cylinders are cast in two pieces, each consisting ot 
one l.p. cylinder (outside) and one h.p. cylinder. With the large 
cylinders outside the frames this method gives immunity against 
working loose, particularly when superheated steam is used. 

The l.p. c)linders drive upon the second coupled axle. 

The crank axle is of the ordinary pattern with parallel webs, 
but as it carries no inside eccentrics there is ample room available 
for very strong and thick crank webs. 

Central admission piston valves are fitted to all the cylinders, 
so that the superheated steam does not come into contact with 
the external surfaces, and no metallic packing is needed cither 
back or front for the valve spindle glands, which are, instead, 
simply bronze sleeves with helical oil grooves turned in them. 
The segments are of cast iron, three in number, and steam is 
admitted behind the principal segment as in the old Ricour 
piston valve. Specially-large clearance spaces are allowed for the 
h.p. cylinders, the ports and steam passages being made unusually 



gear has gradually displaced all others on express engines every- 
where on the Continent, except in Belgium, where it has been 
but little used except, perhaps, for goods engine of old types. 

But its adoption for modern compound engines in place of 
the Stephenson valve motion, so much employed since the 
importation of the Scotch locomotive designed by Mn J. 
F. Mcintosh, of the Caledonian R., is accompanied by certain 
novel features. 

In order to give inside admission to piston valves of ordinary 
single-headed type the direction of the valves had to be reversed, 
this being effected as in the French locomotives of the Est and 
and P. L. and M. railways, by keying the valve crank in a position 
diametrically opposite to the normal arrangement for slide valves, 
and then pinning the radius-bar of the expansion link to the top 
of the lead-lever (universally known as the "advance-lever") in 
place of the valve spindle, which, in this case, takes the position 
on the lead-lever vacated by the radius-rod. This settles the 
question for the outside cylinders, but the inside valves also have 
to be reversed, for the ordinary ve. tical rocking-lever employed for 
transmitting the motion would not effectthis re-reversal of direction. 
Therefore, to obtain the desired direction of travel for the inside 



Digitized by V^OOQ IC 



November, 1905. 



The Railway Engineer. 



333 



valves without employing double-ended piston valves, and with- 
out employing the peculiar rocking links which form such a strik- 
ing feature in the transmission gear of the Bohemian-built loco- 
motives illustrated in the Railway Engineer^ April, 1905, issue, 
resort was made to horizontal rocking levers. The details have 
required a precision of adjustment admirable to mechanical 
engineers. 

The arrangement is illustrated by a photograph and diagrams, 
but a few general remarks are necessary. 

Bolted to the side of the frame is a massive cast-steel bracket, 
serving the double purpose of valve-spindle guide on its upper 
surface and lead (or advance) lever guide on its lower surface. 



arising between the positions of each pair of valves, the work put 
into the mechanism is of the very best, and the massive fulcrum 
pin and bracket and the length of all the wearing surfaces are 
altogether cKcellent in design and are duly calculated for the 
brusque action of superheated steam. 

As it is the smaller or h.p. valves which have to be driven by the 
transmission gear it is evident that the arrangement here adopted 
in grouping the cylinders lessens the work to be performed by the 
rocking-levers and connections. The advantage due to placing 
the high-pressure cylinders inside the frames is further increased 
when superheated steam is used. 

Another important point in favour of the Central European 
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Four-Cylinder Compound Locomotive, with Superheater. Belgian State Railway. 



At the lower extremity of the radius-rod slide-block is pinned the 
lead-lever, and immediately above, at the upper extremity of the 
lever, is pinned the fork end of the radius-rod which embraces 
both the slide and the lever. A slot milled in the slide-block 
permits the reciprocation of the radius-rod end and its con. 
nections. The upper and lower slides move together as one 
piece by means of a rigid tie between them, while they are also 
connected by short links working on the upper and lower ends of 
the rock-lever pin. At the opposite extremity of the rock-lever 
there is a similar connection by links to the inside valve-spindle 
slide also guided by a fixed bracket. 

As there are five joints liable to wear and to a resulting slackness 



cylinder arrangement is that it permits a better ratio for the 
volumes of the h.p. and l.p. cylinders. 

In ordinary 4-cylinder French locomotives this ratio is too 
low, and so longer cut-offs, with inside valves driven from a sup- 
plementary set of valve gears, have to be allowed, the result being 
an engine working with greater internal resistance, while by 
reason of the limits now imposed on the inside low-pressure 
cylinders their further development in cylinder power is restricted. 

The proper ratio for cylinder volumes, long ago recommended 
by Goelsdorf for four-cylinder compounds, is i to 3, and the 
Belgian engineers have come very close up to this ratio with i 
to 2-91 in the engine (Class 19A) illustrat^O© consequence 
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it has not been necessary to resort to the expedient, common in 
engines having insufficient ratio of volume for the low-pressure 
cvlinders, of greatly increasing the fixed percentage of valve 
travel for the latter cylinders. With the ratio of i to 2*91 the 
steam admission arranged for both cylinders is practically simul- 
taneous, there being only a small constant lead of 2 to 3 per cent, 
for the l.p. cylinders. 

Another point often urged by Goelsdorf was the possibility of 
very long admissions in starting — up to, in fact, 90 per cent, of the 
stroke. Among the locomotives shown at Lifege were two not- 
able examples which accord with this recommendation. First, 
in the P. L. and M. prototype of the Belgian locomotive, giving 
up to 88 per cent, admission to the h.p. cylinders and a constant 
and invariable admission of 63 per cent, for l.p. cylinders, and 
then, in the engine Class 19A, giving up to 90 per cent, admission 
for the high-pressure cylinders — when the link-block reaches the 
extremity of the expansion-link. 

The reason for such long admissions is obviously the same as 
that given by Goelsdorf— that is, to suppress starting or inter- 
cepting valves, which the writer believes to have been the 
fundamental cause for the failure of the two-cylinder compound 
system in England some years ago. In introducing into Belgium 
the compound system with superheated steam on a scale 
of considerable magnitude, Belgian engineers have very studiously 
avoided this troublesome adjunct of the locomotive engine, and 
have thereby followed Central European practice. Consequently 
the locomotive never works as a single expansion engine, which 
change of working is, throughout the Continent, save in France, 
considered very undesirable. 

With this long admission for getting under way it is only 
necessary to provide for the accident of cranks presenting them- 
selves in unfavourable positions for prompt starting. This is 
done by supplementary admission of live steam to the low- 
pressure valve chests. 

In the latest P.L. and M. engines this admission is effected 
by the manual opening of a small cock — a very old and simple 
arrangement — but it is far more usual to make this action entirely 
automatic and dependent either upon the maximum opening 
given to the regulator or upon the maximum valve-travel given 
through the valve gear, so that the driver has no more concern at 
starting than with two cylinder single expansion engines. There 
are a large number of simple devices now in use for effecting this 
automatic supplementary admission of steam. In the engine 
illustrated there is a small valve with differential pistons located 
in the smoke box, and which allows high pressure steam to leak 
into the low pressure valve chests so long as the pressure therein 
does not attain 88-2lbs. per sq. in. when starting. This regulation 
of the receiver-pressure is a very nice one, and is not dependent 
upon the receiver relief-valve for the control of excess pressure. 
The operation of this automatic valve can be stayed at any time 
by means of a small lever under the driver's hand. 

As with all piston-valve engines, all the cylinder covers at 
each end are fitted with relief-pressure valves (visible in the photo- 
graphic view), and air-suction valves are provided on the steam 
pipes to the high pressure cylinders and on the receiver. 

The somewhat peculiar appearance of the c\linder ends will 
be explained on reference to the plan. The deeply-coned back 
end of the cylinder is intended to support the great length of the 
piston-rod, and which length was necessary in order to keep 
down the length of the outside connecting rods within the limit 
of 3 meters* length. The pistons of the low pressure cylinders 
bad also to be cast with the same convexity for their rear faces 



and a corresponding concavity had to be given to the front 
cylinder covers. The front ends of the pistons are extended 
through the front covers and work in cast-iron sleeves, these latter 
being partly concealed by the conical casings of sheet steel shown 
in the illustration. 

Engines of the category exemplified by the new P.L. and M, 
locomotives and by the Class 19A of the Belgian State Railways, 
although they embody the principle introduced by Webb of 
dividing the motor stresses, are not so simple to design or to 
construct, nor have the almost perfect balance of the Central 
European tyres (Class 19 and "La Meuse" engines). For 
instance, with the long piston rods and connecting rods a 
difficulty arises (especially where the wheels are of large diameter) 
of supporting the end of the guide bar or bars, and to carry 
which, in the absence of the ustial vertical motion-brackets, it 
becomes necessary to build up a portion of outside frame over 
the leading driving wheels to support the tail ends of the guide 
bars as in the P.L. and M. engines. In the case of the engine 
Class 19A (wheels of yojins. diam.) it has been possible to 
support the guide bars at about mid-stroke of the crossbead 
without resort to an outrigging frame. In the plan given a 
motion bracket is shown bent backwards and povering up the 
front of the leading driving-wheels, but this detail appears to be 
a draughtsman's slip, since that arrangement belongs to a projected 
engine (which might be classed 19B) and in which the wheels 
are to be of 78ins. diam. In the locomotive of 19A illustrated 
an outrigging frame not dissimilar to that of the P.L. and M. is 
provided, but only for the support for the link motion in place of 
the valve-motion bracket between the two first wheels common 
in many well-known types. 

Yet another advantage denied to all engines of this type 
having two driving axles is that the connecting-rods must be 
placed on the wheel pins outside of the coupling-rods, conse- 
quently the engines exert more disturbing force, resulting in side- 
lash, than do the engines of the Central European type 
having the connecting rod big ends seated on the crank-pins close 
up to the wheel boss. The sole superiority claimed for double 
driving axles, in any of the modifications made since Mr. W^ebb 
introduced this system, is the greater durability of the crank 
axles. But since that period the form of crank axles has been 
greatly strengthened, and we now have the example before us (in 
one of the new four cylinder simple engines of the Belgian State 
Railways) of all rods driving upon the cranked axle of an engine 
which exerts the enormous calculated effort of over 37,ooolbs. by 
the formulae 2 x/ ^ /~D, and in taking / at only 14 
atmospheres, although the boiler is constructed for the same 
pressure as the other new engines, iV., 2 281bs. If this single 
driving axle has a working life of not much less than those of the 
P.L. and M. or de Glehn designs (with divided stresses) then the 
superior results accruing from a completely balanced pair of driv- 
ing wheels (in which the wear of the axle boxes is reduced to a 
minimum) will be sufficient to demonstrate the all-round ad van. 
lages of the Central European type. These tests of engine 
systems are being carried out in the most liberal spirit and 
scientific manner by the State Railways of Belgium, to whom all 
cr<:dit will be due for such a valuable contribution to our know- 
ledge of economical locomotive design. 

The engine having the fewest moving parts should run, all 
other things being equal, with the least internal friction, the gain 
so realised being expended in extra pull on the draw bar for in- 
creased loads or increased speed. It is all too common to see 
it written that the French compounds are the best engines for high 
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speeds — but this is merely an indication of faulty knowledge. 
Much higher speeds are often realised in Central Europe while 
testing engines, but they are little heard of because the poor and 
light roads in countries outside of France, or the ruling conditions 
opposed to long ruDs at high speeds, do not permit the regular 
continuance of such work, but if Central European types could 
be run on first class tracks there can be no doubt whatever that 
unprecedented speeds would then be attained. 

One Central European type has run at 90 miles per hour with 
a gross load of 250 tons upon a slightly rising gradient, and, with 
the same train, on gradients (of up to i in 240) rising continuously 
for a distance of 69 miles, has made average start-to-stop speeds 
of 73 miles per hour. 

The Belgian four-cylinder engines, even with wheels of 7 Sin. 
diam., are not intended for very high speeds or long runs, which 
would be uneconomical in a densely populated country such as 
Belgium. But great boiler power is provided. The working 
pressure is 227'81bs. and the boiler diameter is 5ft. 4jins. 

All boilers are now of Caledonian pattern, except for the 
great reduction which it has been found necessary to make in the 
depth of the firebox, together with the provision of a shorter 
brick arch. In general details it will be noted that the boiler is 
fitted with two sets of the Klotz- Wilson safety valves, now for 
many years used with Belgian locomotives. The reversing gear is 
worked by steam, the operation of moving the quadrant lever 
admitting steam to either side of the servo-motor by the simple 
connection of this lever with a three-way cock. The usual re- 
versing'screw and wheel are also provided, if, for any reason, it was 
desirable to reverse the engine manually, or to adjust the degree 
of admission between any two of the gradient notches. This power- 
gear is applied to nearly all the engines exhibited, and a very 
ingenious, but less simple, arrangement exists for Belgian engines 
having two sets of valve mechanisms — as notably those of the de 
Glehn type. 

The bogie-truck is of a new standard tpye designed for all 
four-cylinder engines, including even the de Glehn " Atlantic " 
engines, it being of the swing cradle type, without any lateral 
swing-control springs and having an independent riding spring 
for each wheel. The links by which the cradle is swung upon the 
bogie frame are so short and incline at such a sharp angle that 
the return to centre is effected rapidly by force of gravity alone. 
The pivot is a hemispherical bearing stepped in a cup seating on 
the cradle. A safety pin passes in a longitudinal direction through 
the pivot, to prevent it unseating from any cause or in any place. 
The side play allowed on each side is 2;Jin. The rail guards are 
attached to the bogie frame instead of to the engine frame. To 
steady the front end of the engine vertically-placed helical 
springs are contained in two side rests — one on each side of the 
bogie frame. Within the limits imposed by these flexible side 
bearings the bogie frame, besides turning radially, has a universal 
movement about its pivot, while the engine main frame is free to 
ride laterally, the engine always being tilted to the inside when 
traversing short radius curves by reason of the shortening or 
lengthening of the cradle links in a vertical direction. 

Although great satisfaction is expressed with the boilers of 
Scotch type it is generally known that the riding gear of those 
locomotives was not adapted for Belgian tracks, and the result of 
this nine years' experience is that in the whole of the new four- 
cylinder engines all their driving wheels springs are inter-con- 
nected with compensating levers, as was customary before the 
advent of the Caledonian types. 

Every wheel of the engine is power-braked, the bogie wheels 



having, as usual for all Belgian bogie engines, direct acting air 
brake cylinders between the wheels. Originally, braking of the 
bogie wheels in Central Europe appears to have been due to the 
relatively small loads carried by the driving wheels, but this is 
not the case with the Belgian engines, which, with their load of 
18 tons per axle, exceed the wheel weights of all Continental 
locomotives, this being permitted by the heavy section "Goliath" 
rails of the Belgian State Railways. 

The engine illustrated was built at Seraing by the Societe 
Anoyme John Cockerill, to whose courtesy the writer is indebted 
for facilities of visit during its construction at those works. 
Cylinders (</) High pressure 

(d^) Low pressure 

(/) Piston stroke 

(/) Boiler working pressure 

{£>) Driving wheels diam 

Tractive effort (theoretical) 1.5 /> d-/ 

Adhesion weight ... 

Water-heating surfaces — Firebox 

Tubes 

Total 

Steam-heating surfaces 

Grate area 

Engine weights — Em pty 

„ „ Fully loaded 



14/Vms. 
24iins. 
26|ins. 
227 81bs. 
7o2;in. 

25,74olbs. 
54 tons. 
197-5 sq. ft. 
1696 „ 

1893*5 ». 
446-5 sq. ft. 
3 2 4 sq. ft. 
68 m. tons. 
74 » 



4-Cylinder Balanced Compound Locomotive; Great 
Northern Railway. 

We are indebted to Mr. H. A. Ivatt, M.Inst.C.E., chief 
locomotive engineer of the Great Northern Railway, for the 
accompanying photograph and particulars of the four- 
cylinder compound locomotive No. 1300, which was designed 
and built by the Vulcan Foundry Co., Ltd., of Newton-le- 
Willows, upon the basis of particulars (as to loads, gradients, 
etc.) supplied by the locomotive engineer. The Directors of 
the Great Northern Railway — in consultation with Mr. Ivatt — 
being desirous of testing the capabilities, under the conditions 
of service met with on their railway, of the best locomotive 
to be obtained from English firms, accepted the designs sub- 
mitted by the Vulcan Foundry Co., Ltd., and ordered an engine 
to be built to them, and which has recently been delivered. 
The engine is undergoing fair and very thorough trials, the 
results of which will no doubt be made known at a later stage, 
to which time criticism of the design may be conveniently 
postponed. 

The locomotive is fitted with the Vulcan patent starting 
valve for admitting steam into the L.P. cylinders at a reduced 
pressure, when additional power is required, and also has the 
Vulcan patent screw reversing gear, allowing of the cut-off 
in the cylinders being independently varied. The principal 
dimensions are as follows : — 
C)linders h.p. uin. diam. 

„ l.p. 23m. „ 

Piston stroke 26m. 

Coupled wheels 6ft. 8in. diam. 

Rigid wheelbase 8ft. 6in. 

Total wheelbase 28ft. 3in. 

Boiler outside diam. 5^^- ^^i"- 

Length of barrel 11 ft. iiin. 

Height of centre from rail 8fr. loin. 

Number of tubes (serve) i49 

Diameter of tubes ^^in- outside diam. 

Total heating surface 2,514 sq. ft. 

Grate area ^ ^^^^^' J 

Working pressure digitized by LrT^bgll^- ''^' 
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Four Cylinder Balanced Compound Locomotive ; Great Northern Railway. 



The weight of the eng^ine loaded is 71 tons, distributed 
thus : On bogie wheels 20J tons, on coupled wheels 37 tons, 
trailing wheels 13 tons 15 cwt. 

The tender carries 5 tons of coal and 3,670 gallons of 
water. It weighs 40 tons 18 cwts. 



Recent Patents relating^ to Railways. 

These abridgements of recently published specifications are 
specially compiled for this Reyiew by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C., 
from whom copies of the specifications can be obtained at an 
uniform price of 8^. each. 

Air Brakes. 24,7^0- 15th November^ igo4. J. W. Cloudy 
82y York Road, Kifig's Cross^ London, 

This invention has reference to a special arrangement of ports in 
the triple valve and its seating, whereby the function of 
accelerating the partial application of the brakes, or the 
functions of accelerating both the partial and full application 
of the brakes, is performed by the triple valve slide 
valve alone. The triple valve piston 4, has mounted on 
its stem the slide valve 3, co-operating with a valve 
seat formed in the valve cylinder i ; these parts, as will be seen 
from figs. 3 and 4, having their port openings different from 
what is usual in triple valves, so that two functions — that of apply- 
ing and releasing the brakes and also voiding the train pipe to 
the small and large chambers 7, 8, may be accomplished by the 
movement of the valve. In the valve seat five ports are provided, 
of these 9 communicates through the passage 5 with the brake 
cylinder, 10 is connected with the atmospheric or exhaust port. 



1 1 is connected with the small chamber 7,12 is connected with 
the train pipe, and 13 is connected with the large chamber 8. The 
ports in the valve face are five in number, namely, 14, 15, x6, 17 
and 18 shown in fig. 4; of these ports 16, 17 and 18 are con- 
nected together by channels 19 and 20, and port 15 is connected 
to the graduating passage 2 1 usually provided in triple valves and 
port 14 passes through the valve communicating with the interior 
of the cylinder i. When the brakes are released ports 9, 10, 11, 
13 in the valve seat will be put in communication through the 
ports and channels 16, 19, 17, 20 and 18 in the valve face, by 
which means the brake cylinder, the small chamber 7, and the 
large chamber 8 will be connected together and through ihe 
exhaust port to the atmosphere. When a service application of 
the brakes is made the piston 4 of the triple valve moves in the 
ordinary way, and the slide valve 3 is moved to connect the 
auxiliary reservoir through the graduating channel 2 1 and ports 
15 and 9 with the brake cylinder, and the train pipe is connected 
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through port 12, port 17, channel 19, port 16 and port ii with 
the small chamber 7. By this means the application of the 
brakes will be accelerated, at the same time a gradual increase of 
the brake pressure by means of the graduating valve is not inter- 
fered with thereafter. When the pressure m the train pipe is 
lowered sufficiently to secure a full application of the brakes the 
triple valve piston 4 will be moved further, and the slide valve 3 
will be caused to connect the train pipe through port 12, port 16, 
channel 19, ports 17 and 13 with the large chamber 8, and the 
brake cylinder will be connected through channel 5, ports 9 and 
14 with the auxiliary reservoir. In this manner a quickened full 
application of the brakes is obtained. Raising the train pipe 
pressure will return the triple valve piston 4 to its first position, 
in which the brakes are released in the ordinary manner. 
(AccfpUd lyth August, igoj). 

Couplings, Automatic. 5^444^ ^5^^ March, igos. 
G. Bain, Carnage and ll^agon Works Manager, Egyptian State 
Railways^ Cairo, 

The coupling-bar is formed with two lateral hooks 20, 21 and a 
vertical hook 23, and is mounted at its inner end on a horizontal 
pivot 2, carried by a joint piece 3 interposed between the 
coupling-bar and the draw-bar, the intermediate part 3 being 
connected to the draw-bar by a vertical pivot 4. With this con- 
struction which ever side the pointed end of the coupling-bar 
comes into contact with the point of the coupling-bar of the next 
vehicle, coupling will take place, and in the act of coupling the 
coupling-bar and the intermediate coimecting piece will both be 
rocked — against the action of springs carried in a box on the 





head stock — about the vertical pivot connecting the intermediate 
part with the draw-bar, while when uncoupling the intermediate 
part will not receive motion, but the coupling-bar alone will be 
rocked in a vertical plane about its horizontal pivot pin on the 
intermediate part. To rock the coupling-bar for uncoupling in a 
vertical plane, the coipling-bar passes through a sleeve, from 
which an arm extends connected to a shaft extending transversely 
across the end of the vehicle, and then by rocking the shaft the 
coupling-bar is moved on its horizontal pivot by means of the 
sleeve through which it passes. {Accepted 17th August, ipoj-) 

Buffing and Draw Gear. 24,671, 14th November, 
J904, y. IViilison, Tj8, Clarence Road, Derby, 

This invention relates to springs for holding in, or restoring the 




gear to its central position. Such springs, which are normally 
subjected to an initial compression, have in time a permanent set 
imparted to them, so that the initial compression becomes 
ineffective for centreing purposes. According to the present 



invention the spring used for this purpose is a double coil helical 
spring the inner coil of which is of greater length than the outer 
The spring is placed under an initial compression between fol 
lower and abutment plates suitably mounted on the draft gear, 
one of the plates being stepped to accommodate the two coils 
and also place the inner coil under a greater total compression 
than the outer coil. By this arrangement when the outer coil has 
acquired a permanent set which so reduces or eliminates its 
normal compression that it is no longer useful for centreing the 
gear, the inner coil still retains sufficient normal comptession to 
produce the required centreing action. The spring may be re- 
inforced for draft and buffing purposes by a second similar 
spring, which may have an elongated inner coil, arranged in 
tandem fashion so as to offer twice the resistance of the single 
spring for the same translational displacement. {Accepted jrd 
August, ipoj.) 

Carriage Windows. /S,66q, 2gth August, 1Q04. 
E,J. Hill, II, Victoria Street, Westminster, 
This invention relates to sash windows for carriage doors wherein 
a hinged flap /acts as a movable abutment or guide for the strap 
c, and has for its object to prevent excessive movement of the 




flap in the inward direction. For this purpose a pair of stops, 
each formed of an angle plate k I, are fixed to the window frame 
styles and garnish rail. The flap /is mounted on a single central 
hinge op, which carries the stud r for holding the lifting strap. 
{Accepted ^rd August, igo^.) 

Couplings, -/.//j. 28th February, igo^. Edgar Allen 
and Co,, Ltd., Imperial Steel Works, Sheffield, (A communication 
from P, A, Hyde, then chief locomotive superintendent. Central 
South African Raihvavs, Pretoria). 

This invention consists of improved means for adapting American 
standard automatic couplings for use with central buffer pin-and- 
link couplings. For this purpose a laterally curved plate a is 
attached to the front of the automatic coupling b by perforated tcp 
and bottom ears c c^, through which the coupling pin e is passed. 



li 
a 



The plate a is adapted to bear on one side against the knuckle d 
of the automatic coupling, and is provided on the other side with 
a forked extension g, which bears upon and embraces the smaller 
horn /of the coupling. In the centre of the plate is an aperture 
h for the passage of the link of the adjacent coupling. {Accepted 
24th Aus,*st, 1905.) Digitized by ^OOg IC 
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Sand Boxes. 24^606, 14th November, 1^04, T. Board- 
man, Beach House^ Oystermoitth Road, Swansea, 
According to this invention the sand is damped while in the sand 
box by hot water and steam introduced by a pipe communicating 
with the boiler or the water space of the fire box, and the damp 
sand is, when required, fed down the sand delivery pipe to the 
rails in a damp state by the agency of the water and steam acting 
on it. Thus the advantage of using the sand in a damp state is 
obtained and without clogging the sand box valve or the sand 
delivery pipe. Communication between the sand box and the 
boiler or water space of the fire box is made by a pipe e, which is 




fitted wiih a controlling cock or valve. A perforated nozzle is 
provided on the said pipe inside the sand box. When it is 
required to feed sand to the railway rails the sand pipe valve, 
which is of usual kind, is operated to open the way to the sand 
delivery pipe c, and at the same time water and steam are turned 
into the sand box through the nozzle g. The upper perforations 
in the nozzle are arranged to direct the sprays of water and steam 
so as to distribute the introduced water and steam in the sand, 
and, whilst damping the sand, to dislodge it for discharge to the 
sand delivery pipe down which the sand is impelled by a spray of 
water and steam issuing from the lower part of the nozzle. 
{Accepted loth August, IQOJ,) 

Rail Chairs and Joints. 20,508, 2jrd September, 
igo4. A, Macleod'Carey, 2, Woodlands Terrace, Middlesbrough- 
on-Tees, York, 

The chair or anchor comprises a plate of iron or steel of suitable 
dimensions, which, by means of a rolling operation or pressure, is 
caused to assume approximately a U-shape in cross section. This, 




buttresses also produced in the pressing or shaping operation. 
The chair a is capable of being embedded in the concrete e or 
other material of the track or permanent way, leaving the clips b 
always free for the fitting of the rails without disturbing the 
chairs. {Accepted 24th August, igo^,) 

Level Crossings. 18,468, 26th August, 1^04, IV, /, 
Hollitk, 3, Humphrey Street, Old Trafford, Manchester, 
This invention provides means for temporarily filling up the gaps 
or spaces between the ends of tramway or other rails at level 
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crossings, which are required for the flanges of wheels to pass. A 
metal block or small piece of rail a arranged to fit the gap is con- 
nected to bell crank or other levers e e^, which are acted upon by 
the wheels of the tramcar to cause the blocks to rise and fill the 
gaps. Or the blocks may be arranged to normally fill the gap, 
but so as to be depressed by the wheels of a passing train. 
{Accepted 24th August, ipoj.) 

Switch Mechanism. 21,362, 3th October, 1^04, H, A, 
Thomson, 2, Grantly Gardens, Shaivlands, Glasgow, 

Two segmental toothed wheels d, e are mounted to turn on 
spindles b, c in a box a, the wheel d being in gear with the wheel 
e and having a lever handle /. On the rim of wheel d, two toggle 
arms / and .^^ of T shape are securely recessed and fulcrumed. 
The cross piece of each of these toggle arms is of D form to 
enable it to pass through two eyes, cored on the wheel rim, and 
to retain its fulcrumed position within the circular cavity 0, The 
other ends of the arms are fitted to slide in collars m and « 
pivoted in the casing. Round each arm /and g a spiral com- 
pression spring/ and q is coiled. The bevel wheel e forms part 
of a bell crank lever / to one end of which it is cast, the other end 
being attached to the pull rod of the points. For the purpose of 
lubricating the spindle b and teeth of wheels d and e, an aperture 
V is provided in the cover of the casing to communicate with a 
slot w which extends downwards to the spindled, and from thence 
by a hole x to the wheel teeth. In a modified arrangement shown 
by figure 3 the toggle arm g^, with the spring q^, is fulcrumed on 
the wheel e figure 3, the other end of the arm being fitted to slide 
in the collar «^ On operating the lower handle /, circular motion 
is transmitted to the wheels d and e and from thence to the pull 
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when inverted, serves as an elastic support for the foot or bottom 
flange of the rail, the latter being secured by means of a shaped 
tapered wedge or key forced between the lateral edge of the 
bottom flange and a clip formed on the upper face of the plate 
during the shaping or pressing operation at a slight angle or in a 
slanting direction to the square of the plate. The clips may be 
stiffened or strengthened by bowed or shouldered portions or 
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rod of the points. Also when the switch blades are run through 
trailing-ways by the flanged whet Is of a train or vehicle and 
changed to another set position, the motion thus given to the 
switch blades and conveyed through the pcint rod to the lever / 
reverses the switch mechanism, and the springs retain the points 
in iheir changed position, {Accepted 24th August^ igo^). 

SPECIFICATIONS PUBLISHED. 

A.D. 1904. 

17362. Working of railway poiDts and signals. Descubes. 

it{o6o. Electro-mechanical apparatus fur automatically operating the. 
rail and electrical conductor points on electric tramways and railways from 
the tram or train. Parr. 

18468. Tramway lines and railway lines at level crossings. HoUick. 

x866i. Railway traffic control systems. Rowe. 

18669. Railway carriage and similar sash windows. Hill 

18901. Apparatus for recording the movements of locomotives, vehicles 
or machinery. Collet. 

19889* Electro- magnetic mechanism, particularly applicable to railway 
signalling apparatus. British Thomson- Houston Co., Ltd, (General Electric 
Co.) 

20508. Means for anchoring and securing flat-bottomed rails in the 
permanent way of railways and tramways. Macleod -Carey. 

21003. Furnaces of locomotive and like boilers. Crosthwaite. 

21362. Working of switch points of railways. Thomson. 

2x582. Couplings for the draw-gear and pipes or other coupled parts of 
railway and similar vehicles. Coles. 

21722. Rail joints and electrical bonds connected therewith. Radford. 

22736. Railway rail Joints. Borschall. 

22746. Switch rails for tramways and the like. Kneen. 

24606. Feeding sand from the sand-boxes of railway locomotive engines 
to the railway rails and apparatus therefor. Boardman.* 

24671. Draft and butting mechanism for railway carriages. Willison. 

24750t Fluid pressure brake apparatus for railway and other vehicles. 
Goud. 

27217. A device for indicating the names of stations on railway lines in 
the patsenger compartments of railway carriages. E^ser. 

29447. Couplings for railway vehicles. Brandau. 

1905. 

103. Couplings for railway trucks. Dyer. 

327. Grinding machine or apparatus to be used principally for 
levelling the corrugations or undulations on the surfaces of grooved rails, 
applicable also to other purposes. Forstcr. 

2923. Valves for air brake systems. Allison (Levy), 

3630. Radial trucks for tramway and like vehicles. Cook. 

4173. Means for adapting American standard automatic couplings for 
use with central buffer pin and link couplings. Edinir Allen and Co., Ltd. 
(Hyde). 

5444. Railway carriage and waggon automatic safety coupling. Bain. 

6073. Electrical mercury switches operated by a vehicle passmg along a 
railway. Siemens Bros, and Co., Ltd. (Siemens and Halske, Act. Ges.). 

6739. Composite railway sleepers. Michels Composite Sleepers, Ltd. 

8715. Mechanism for placing exploUve fog signals in position and 
removing same when exploded. Downing. 

879a Relief* valve for locomotive cylinders and the like. Robinson. 

S837. Couplings for railway carriages or the like. Novak. 

10183. Rail listeners or chairs for railways. Mace. 

1 1 185. Railway spike. Clements. 

XI 692. Car couplmci[s. Timms« 

Ferro-Concrete, and some of its most Characteristic 
Applications in Belgium.* 

By M. ED. NOAILLON, of Chen^e, near Li£ge. 
{Continued from page J if). 

The dome of the Central Railway Station at Antweqj 
spring^s from the level of the roofs of the mass of buildings of 
the station at a height of 130ft. above ground level and rises 
another 130ft. to the spire. It is entirely constructed of ferro- 
concrete by the firm of Vasanne of Brussels. The work was 
originally intended to be built in stone, but it was discovered 
that the foundations would not carry such a weight, and 
therefore ferro-concrete was preferred, as it could be built 
hollow. However, it was necessary to follow minutely the 
form of the original design, which, rationally conceived for 
a massive material like stone, often presented serious diffi- 
culties of execution in ferro-concrete. 

The dome comprises four large glass lights placed upon 
the sides of a square, and upon these rests the actual dome 
which in its turn supports a campanile. Each glass light is 
in the form of a gallery with seven arcades surrounded by a 

* Head before the Institution of Mechanical Kngineerh at Li^ge, 
June, 1905. 



demi-arch of 32 '8ft. radius. The arches are framed by an 
archivault of 1 r5ft. height, which receives at its periphery 
the haunches of the dome. 

The entire structure, which is 1,800 tons in weight, rests 
entirely upon the columns at the angles of the glass lights, 
for it was only at these points that a solid support could be 
obtained. These columns are Y shaped in the cross section, 
which has an area of 107 sq. ft., and they are subdivided at 
the height of the centres of the arches into three beams. 

The tail of the Y is extended in the diagonal plane in the 
form of a thrust block rising obliquely between the two shells 
of the dome. Each of the limbs of the Y forms the abutment 
of the beams in the arch, 8*2ft. high, situated in the archi- 
vault. In the horizontal plane passing through the tops of 
the archivaults is placed a beam in the form of a flat ring 
4*92ft. wide, which is supported at eight equidistant points, 
which are the four tops of the archivaults and the four ends 
of the thrust blocks. 

This beam serves two purposes — it balances the horizontal 
reactions due to the obliquity of the thrust blocks, and resists 
the tensile stress created by the joists of the dome. At the 
top of each beam of the archivault are hooked two tie-rods 
which go down in the two midribs of the arches and extend 
into the two central columns of the gallery of arcades, and 
support in its place a horizontal beam hidden in the entablature 
of the gallery, and supporting all the lights; it is obvious, 
therefore, that all the weight of the latter is supported by the 
columns. 

The dome consists of two superposed shells at a distnace 
apart varying from 3* 28ft. to 6'56ft. The internal shell 
which forms the ceiling of the entrance hall is completely 
decorated with sunk moulded panels; some are round and 
others square, and they diminish in depth and size pro- 
gressively from the springing to the summit. 

They leave only flat bands on the inside of the shell, and 
these follow a series of meridians and parallels. A part of 
these flat bands are formed by a skeleton of joists and 
trimmers which are supported on the annular beam, and they 
carry the whole weight of the dome. This skeleton was first 
erected, and served to support the cores which formed the 
moulds for the panels, and then the latter were filled in with 
concrete. 

The external shell has a uniform thickness of 3'i5ins., 
and it is relieved by six moulded ribs following meridian lines. 
It is supported upon the internal shell by small distance pieces 
normal to the two surfaces; this method of support has been 
chosen to allow as much freedom as possible for the unequal 
expansion of the shell owing to the rays of the sun striking it 
obliquely. 

The most interesting feature of the construction of the 
dome of the Antwerp station is that all the mouldings and 
all the sculptures, which are so numerous and of so many 
different forms, have been executed by direct mouldifig, and 
not, as is usually the case, by rough applications which are 
trued up afterwards by gauge boards. 

It would never have been possible to make in wood the 
numberless moulds which would have been needed for the 
latter process, particularly as the work had to be done upon 
surfaces bent often in two directions like the panels of the 
dome. 

M. Vasanne has invented a very ingenious system of 
moulding. He begins by executing in plaster the model of 
the sculptures which are to be reproduced in the concrete. 
He then spreads upon this negative mould a layer of 1*2 to 
2ins. thickness of a paste made of sawdust and magnesium 
oxychloride. This paste hardens rapidly and gives him the 
desired mould, which is light, strong, and can be worked like 
wood; the same negative mould can be used several times. 

The manufacture of the glass lights was specially difficult 
because of the great richness of the ornamentation and of 
the exactitude with which the moulds had to be made to obtain 
a perfect fitting of the different mouldings. The part of the 
glass lights which forms a gallery was filled with concrete at 
one operation in a mould built up in position on the site. 
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With regard to the part in the form of a half rose, a complete 
mould was arranged upon a perfectly level platform. This 
mould showed, therefore, in hollow all one face of the half 



rose. 



The concrete was moulded to a thickness of 2ins., and then 
the moulded part was cut into portions specially marked. 
Then the moulding, followed by the same division into parts, 
was repeated to obtain the opposite face. In this way two 
corresponding portions placed back to back formed one hollow- 
structure representing one clement of the glass light. The 
parts were then used to build up the light, just as stones would 
have been employed, but care was taken to pass bars of iron 
into' the hollow part, and then to pour in concrete, so as to 
obtain a monolithic structure which possesses great rigidity. 

Renomm^e Hall at Liege was built entirely of ferro-con- 
crete by the firm Perraud and Dumas of Brussels. 

In opposition to what took place in the design for the 
dome at Antwerp, the general arrangement, the style and 
proportions of all the parts of the building were specially 
thought out by the architect, M. Jaspar, so as to be the most 
suitable for construction in ferro-concrete, and in order to 
use the properties of that material to the best possible advan- 
tage. It was desired to oppose the tendency to make concrete 
merely play the part of a servile imitator of stone, by the 
employment of a characteristic design which should indicate 
the nature of the material used. 

The principal hall is covered by three cupolas, each 55ft. 
diameter, placed at a height of about 50ft. above the level of 
the ground. Each cupola forms part of a sphere which con- 
tinues in haunches pierced with lights and descending to the 
corners of the circumscribed square. The intersections of 
the spheres with the vertical planes passing through the sides 
of the squares are formed by arched beams which spring 
from the capitals of short cylindrical columns. The cupolas 
are 4iins. thick and are made of concrete composed of cement 
and clinker finely broken up; they are re-inforced by a layer 
of expanded metal and with a lattice work of bars. The 
centering of the first cupola was carried out upon a new 
design. In order to avoid the great expense entailed by the 
construction in wood of a spherical centering, a skeleton was 
built up of ironwork consisting of 16 bars, each i^ins. dia., 
fixed upon the meridian lines like the ribs of an umbrella, and 
these were interlaced upon parallel horizontal circles by other 
weaker bars. The whole skeleton was then covered with 
sheets of expanded metal, which were designed as the first 
re-inforcement, and afterwards the concrete was put on above 
and below so as to completely surround the expanded metal, 
which thus acted as its own centering, and it was merely 
necessary to render the surface up to the required thickness. 

The bars of the skeleton were then removed and used for 
the other cupolas, and they were finally intended for re-inforc- 
ing the beams. Unfortunately this system of centering was 
found to be wanting in rigidity, and it was necessary to use 
the wood centering after all. 

The roof of the galleries and the spherical triangles 
between the cupolas form a terrace of 957 sq. yds. area, 
which serves as a promenade. The concrete of the cupolas 
and the terraces is not rendered in cement, it is made water- 
tight by a large layer of rubberoid. 

The principal hall is lighted upon its two long sides by 
six semi-circular glass lights, each 52-5ft. diameter, framed 
by arched beams. The spandrils are formed by panels of 
ferro-concrete showing on the inside ornament in relief; the 
moulding was done in the workshop, and then each panel 
was cut into portions that were erected in position. 

In spite of the complete absence of mouldings, which were 
left out to facilitate the centering, the hall is of most elegant 
appearance owing to its satisfactory design. 

Widenirifr of the La Boverie Bridge at Liige. — This bridge 
is 147 yds. long. The width has been increased from 32*1 ft. 
to 46* 3 ft. by means of two platforms corbelled out at each 
side of the bridge. 

At each end these platforms are extended so as to meet the 
quays by wide quadrants. 

The corbelling, fig. 6, is carried out by a platform S'gins. 



thick, supported at intervals of 6'56ft. by brackets ii'Sins. 
thick, by ig^ins. in height at the back. The method of 
fixing these brackets is interesting. Cutting and pinning 
brackets into the old structure presented serious difficulties, 
as it would have been necessary to cut deeply into the ashlar 
work and to destroy the keystones in the arches, which would 
have been very unwise. The author of the design, M. 
Prangey, enginer of roads and bridges, got over the difficulty 
in a very satisfactory manner by fixing the brackets in pairs 
. opposite one another. The brackets were made independently 
two months before they were needed; the three round bars, 
i*22in. diameter, which formed their reinforcement in ten- 
sion, were left projecting beyond the concrete about a yard, 
and the ends were screwed. The brackets were put in posi- 
tion, a pair at a time, by means of two cranes, and as soon 
as their bases had been entered into the recesses cut in the 
masonry of the bridge the ends of the three pairs of bars were 
coupled together by means of three tie-bars which crossed 



the roadway, and these tie-rods were provided with long 
sleeves threaded to fit the ends of the screwed bars. In this 
way each pair of brackets were mutually self-sustaining, and 
the cranes could leave them fixed. It was merely necessary 
then to level them up carefully by tightening or slackening 
the screwed sleeves, and then to pin them permanently in 
position by running in cement grouting round the ends of the 
brackets in the masonry. 

All the tie-bars are embedded in a layer of concrete 6*3ins. 
thick, which extends across the roadway and serves to con- 
stitute the gutter to carry off the water which percolates 
through. 

The platform, which is supported by the brackets, is cal- 
culated for a distributed load of 80 lbs. per square foot, and 
was tested up to 160 lbs. per square foot without suffering 
any appreciable deflection. 

The Bridge at La Boverie Island upon the Branch at 
Li6ge was built upon the Hennebique system by the Dulac 
Company, under the direction of the engineer, M. Prax. 
The chief details of the work are : Length between abutments 
260ft., comprising a central span of i8oft. and two side spans 
each 32'8ft. wide. The total width of the roadway is 32'8ft. 
The span of 180ft. is the full width of the river-bed; the soflSt 
of the arch is an arc of a circle with a rise at the crown of 
about 12ft., or a proportion of rise to span of about i in 85.' 
{To he Continued.) 



New South Wales Government Railways and Tram- 
ways, 1904-OB.* 

The report of the railway commissioners — Messrs. Chas. Oliver 
{chief), David Kirkcaldie and W. M. Fehon — upon the operation 
of the N.S.W. Government railways and tramways during the year 
ended June 30th, 1905, states that : — 

Railways. — The number of miles of line open for traffic on the 
30th June was 3,2803 — the same as last year ; nevertheless the 
capital has increased by ;£774»o33> of which ;^6oo,ooo represents 
a sum advanced by the Government about 25 years ago for the 
purchase of material and general stores, which a special Com* 
mittee appointed by the last Government recommended should be 
added to the capital account, and that has now been done for the 
first time. The same Committee recommended (and the Govern- 
ment endorsed the recommendation) that the sum of jf 456,639 

♦For an abstract of the report for the year 1903-4, see Th Haihuav 
Ettgin$'e*\ November, 1904, p. 372. 
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(^^434,184 for railways and jC^2A5S for tramways) having been 
defrayed from the Consolidated Revenue, and therefore not a 
debit against the State, should be regarded as ** Non-interest 
bearing capital.'* 

The interest due on the capital invested, calculated at 3*582 
per cent (the average rate of interest on the State debt), amounts 
to £^tS^^t94^9 and the net earnings were £3S*^79 short of that 
sum. 

The number of passengers carried shows an increase of 
ir36Si46i 0^12,941), and goods and live stock traffic an increase 
of 67,456 tons (;^234,662). 

There was an increase during the year of 67,383 train miles. 

The percentage of working expenses to revenue has been 
reduced from 6574 last year to 59*50, being an improvement of 
6*24. 

With the exception of minerals (other than coal and coke), 
all classes of traffic contributed to this improved result. 

An agreement was completed between New South Wales, 
South Australia, and Victoria, providing for an adjustment 
in these three States of the rates for all traffic to and from dis- 
tricts in respect of which competition has existed for many years 
past. This agreement, which became effective on the isi March 
last, is for the term of one year, subject thereafter to termination 
on three months' notice from any of the parties, but it is confi- 
dently anticipated that it will constitute the basis of a permanent 
settlement of this long-standing difference. It provides that all 
rates on traffic to or from the competitive districts shall be made 
public, and that no special rebates or concessions of any kind 
shall be given to secure such traffic. The adjustment of the rates 
under this agreement is such that, while augmenting the revenue 
of the State Railways concerned, the same proportion of the 
traffic affected will, it is believed, be obtained for each State as 
was previously secured, thus conserving the commercial interests 
of the respective States. All preferential rates which could be 
considered as inconsistent with the provisions of the Common- 
wealth of Australia Constitution Act have been abolished. 

By the continued introduction of safety appliances, and the 
exerasc of care on the part of the staff, 35,158,150 passengers 
were carried during the year without any train accident resulting 
in loss of life. 

The re-laying, re-railing, and re-sleepering of the permanent 
way has been continued : i6im. 6och. were renewed; 249m. 
aich. were lifted and re-ballasted, 69,053 cubic yards of basalt 
or hardstone ballast being used. With the view of facilitating the 
supply of ballast and reducing the cost of maintenance, a large 
new quarry has been opened at Bombo, the crushers and 
machinery being operated by electric power. Between Hurstville 
and Como the reduction of the gradients from i in 60 to i in 
80 were completed ; and those between Rydal and Sodwalls are 
being reduced from i in 55 to i in 75. In connection with the 
renewal and general maintenance of the permanent way and 
works a sum of ;^49 1,164 has been expended during the year 
and charged to working expenses. 

For rebuilding and replacing engines, carriages and waggons* 
^98,627 and for general upkeep ;^372,6i4 were charged to 
working expenses. 

A coal elevator (with crushers for large coal) capable of stor- 
ing r,ooo tons of coal in bins, and discharging it into locomotive 
tenders by gravitation, has been put up at Penrith. The elevator 
will also deal with ashes from the engine-pits and load them into 
trucks. 

Results of the Working, 
Expended on construction and 'equipment 

Cost per mile open for traffic 

Total miles open for traffic 

Earnings 

Working expenses 

Balance 

Profit to capital invested % 

Working e;xpenses to earnings % 

Per average mile open earnings 

„ „ „ working expenses ... 

II M n return 

Per train mile earnings 



s. d. 



• •;£43io62,55o 
;^i3»i26 
3.28of 

— ;^3.684,oi6 

••• J^»,i92,i47 

— ^ii49'.869 

— ;^3 : 9 : 3 
59-50 

^1,123 
^:668 

^455 
7 oj 



Per train mile working expenses .., 

„ „ return 

Passenger journeys, No 

Goods tonnage 

Live-stock tonnage 

Train mileage ... 

Summary of ton mileage for the 



3 10^ 

35. « 581 '50 

6,549,791 

174,424 

10,467,886 



De«oription 
of Timffio. 

Coal, Coke, 

Shale 
Other Minerals 
Crude Ores ... 
Mif^Ilaneous... 
Firewood 

Fruit 

Grain, Ac, "Up" 
Hay, Straw, 

Chaff 
Frozen Meat ... 
General (truck 

loads) 
A Class 
B „ 
C ., 

1 „ 

2 „ 

3 .» 

Wool 

Live Stock ... 



ToUl 

Tons 

Carried. 



3.863.457 
233.172 
135.773 
245.991 
225.397 
40,435 
522,755 

139.974 
23 

3.291 
324.941 
166,758 

63.075 
61,122 
39.420 
88,016 
90,572 
174.424 



Total 
MUee. 



73,624,368 
9.278,064 
17,620,124 

11.944,037 

6,117,274 

3.105,410 

131,684,482 

27,346,952 
2,232 

1,198.503 
29.765.523 
17,402,049 

7.673.832 
8.779,220 
6.296.440 
i3.944.c65 
26,793.810 
44.839,865 



year : — 

ATerage 
Miles 

Ton. 

I9'06 
39*8o 
12977 
4814 
27-14 
7680 
25190 

19537 
9700 

36418 
91 63 

104-35 
121-66 

14363 
15975 
15843 
29583 

257-07 



Earnings, 

exolo. of 

Terminals. 

194,836 
31.213 
33.099 
45.214 
20,109 

13.464 
237.389 

45.988 
9 

12,214 
117.355 
123.125 

61,637 
108,299 

89.054 
267.819 
199.931 
298,484 



d. 
•61 
81 
•45 
•91 
79 
1*04 

•43 

•40 
•97 

3^-45 

-95 

170 

1-93 
2*96 

3-39 
4*61 

179 
I 60 



Each 

Class 

to Total 

Weiirht. 

% 
60-19 

363 
2-12 

383 

3-51 

•63 

8-15 

2-i8 
•00 

2*60 
•98 
•95 
•62 

1-37 
1-41 
2-72 



Total ... 6,418.596 437,416,250 68-15 1,899,239 1*04 lOO' 

Miscellaneous traffic consists of timber, bark, firewood, bricks, 
drain pipes, coal, road metal in 6-ton lots, agricultural and 
vegetable seeds in 5-ton lots, and traffic of a similar nature. 

A and B classes consist of lime, vegetables, tobacco leaf, 
caustic soda and potash, cement, copper ingots, fat and tallow, 
water and mining plant, 6-ton lots ; leather, i and 3-ton lots ; 
agricultural implements in 5-ton lots ; and other traffic of a similar 
nature. 

This statement does not include 305,619 tons of coal, on 
which only shunting and haulage are collected; nor does it 
include j^fii^jai for haulage, tonnage dues, &c. 

Summary of the mileage of suburban (within 22 miles of 
Sydney and Newcastle only) passengers : — 

Ordinary Passengers No. I4i359>i93 

Season Ticket Holders' Journeys „ ^,798,700 

Workmen's Journeys ,1 8,022,876 



Total Passengers' Journeys 



31,180,769 



674,728 
16,536,400 

2451 
34,089 

0-49 



Miles Travelled Miles 188,067,952 

Per Passenger „ •• 6*03 

Revenue from Passengers £ S^^t^SS 

Average per Pass, per Mile ... ... ^. o'47 

Summary of the mileage of passengers on the Extended 
(beyond 22 but within 34 miles of Sydney and Newcastle) 
Suburban S:ction : — 

Passengers No. 

Miles Travelled »• 

Average per Passenger Miles 

Revenue from Passengers £ 

Average per Pass, per Mile ^* 

Tramways, — The number of miles of line ope.i for traffic on 
the 30th June was 125I, and the amount spent on construction 
and equipment, ;f 3,637,922 ; of this sum ^^22,455 was paid 
from the Consolidated Revenue, and no interest is payable 
thereon. The interest due on the capital invested, calculated at 
3-582 per cent, (the average rate of interest on the State debt), 
amounts to ;^i29,5o6, and the net earnings were ;f 1,619 short 
of that sum. The cost per mile open was ;^28,93i ; the earn- 
ings, ;t8i3,539 ; the working expenses, ;^685,682 (84*28%) ; 
percentage of profit on the capital invested ,^3 lox. ^d. ; earn- 
ings per mile open, ;£6,47o, and per tram mile 12^. ; passengers 
carried, 139,669,459; tram miles, 16,413.762. 

The earnings increased by ^10,584 and the expenditure by 
;^i2,o57, a decrease of ;;^i,473. C^ r\r^f^ 1 /:> 

Digitized by VriOOQlC 



342 



The Railway Engineer. 



November, 1905. 



New Zealand Government Railways; 1906.* 

The annual statement by the Minister for Railways, the Hon. Sir 
J. G. Ward, K.C.M.G., showed that the working of the New 
Zealand Government railways during the year ended 31st March, 
1905, had again been satisfactory. The total earnings were 
^^2,209,231, and the total working expenditure ;£i, 492,900, the 
profit being ^716,331. 

The length open for traffic at close of the financial year was 
2,374 miles — an increase of 46 miles — the average length open 
for traffic was 2,347. 

The capital cost of lines open, and the Lake Wakatipu 
steamers, has increased during the year from ;;^2o,692,9ii to 
;^2i, 701,572. 

The net revenue, ;£7 16,331, is equal to a return of 3*30 per 
cent, on the capital invested in the open lines, and 3*11 per cent, 
for the total capital, ;^23,oo3,704, invested in opened and un- 
opened lines. 

The train miles run were 6,107,079, an increase of 421,680 
train miles, which include permanent additions to the time tables 
of 283,345 train miles, costing ;^69,ooo. 

The average lateness in minutes of the principal trains was : — 
Long-distance passenger trains... 1*07 against 080 in 1904. 

Suburban trains 0*30 „ 0*32 „ 

Long-distance mixed trains ... 1*15 „ 1*05 „ 

The ordinary passenger traffic continues to maintain that 
elasticity which has been so remarkable a feature of the business 
during the past ten years. The number of such passengers 
carried was 8,514,112, an increase 207,729; season tickets, 
140,453, an increase of 10,534; "workers' twelve-trip tickets" 
and "workers' weekly tickets," 111,303, an increase of 9,246, 
The number of workers' tickets issued represents 79 per cent, of 
the total season-ticket business, but the revenue obtained from 
them is 22*41 per cent, only of the total amount derived from the 
issue of season tickets, which for the year under review amounted 
to ;^57,252. The holiday-excursion tickets issued during the 
year numbered 693,453, a decrease of 1,931 on the issues for the 
previous year. The total issue of " school, factory and friendly 
societies' excursions" was 1 13,659, an increase of 1,976. 

The coaching traffic shows satisfactory increases, viz. : Parcels, 
26,668 ; horses, 1,022 ; carriages, 172 ; dogs, 1,776. 

In the goods traffic cattle increased by 3,489 head; pigs, 
7,500 head; wool, 6,310 tons; firewood, 3,108 tons; minerals, 
62,037 tons. The decreases are — sheep, 343,394 head ; chaff, 
lime, &c., 848 tons; timber, 16,385 tons; grain, 87,973 tons; 
merchandise, 27,312 tons. Having in view the enormous and 
unprecedented increase in sheep traffic during 1903 it is not sur- 
prising to find a decrease in sheep business for the years 1 904 
and 1905. The serious effect which the export of large numbers 
of ewe lambs during the two preceding years has had on the flocks 
of the colony is shown by the statistics published by the Agricul- 
tural Department, from which it appears that the sheep in the 
colony on the 31st March, 1904, numbered 1,388,174 head less 
than on the 31st March, 1903. This depletion of the flocks 
naturally reflects on the business of the railways. 

Of the 14 locomotives added to the stock, 7 were built in the 
railway workshops, and 7 under contract by Messrs. Price Bros,, 
of Thames. The additions and improvements made to the 
rolling-stock during the year have increased the tractive power by 
5*73 P^r cent., the passenger accommodation by 874 per cent., 
and wagon carrying-capacity by 5 J per cent. The wagons added 
to the stock have a carrying-capacity equal to 836 of the old 
style 6-ton four-wheeled wagons. The cushioning of second-class- 
car seats has now been practically completed, 498 such cars 
having been filled with cushions ; 304 cars have also been fitted 
with lavatories. 

The average number of men employed was 9,361, against 
8,782 last year. 

Seven appeals against decisions of the Department were 
heard by the Railway Appeal Boards, two of which were allowed 
and five dismissed. 

*For abstract of previous statement see Railway En^ttetty November, 1904, 
p. 368. 



The gross revenue, ;^2,209,23i, exceeded the estimate by 
;;^29,23i. The net revenue was ;^25,586 less than that of the 
preceding year. Passenger receipts increased by ^£28,825 ; 
season tickets, ^^4,6 7 2 ; coaching traffic, ^4 900 ; miscellaneous, 
;£6,993, Goods revenue has decreased by j(^ 15, 193, and rents 
and commissions by jQifio^j, 

The earnings of the Lake Wakatipu steamers amounted to 
;f 5*897, against ;^6,997 last year. The net return was equal to 
425 per cent on the capital cost (;£i6,436), which, in view of 
the fact that the business diverted from the steamers has gone to 
the railway, is very satisfactory. 

The total expenditure, ;^i, 492,900, was divided as under: — 

Per Cent. 
£ of Revenue. 

Traffic 402,715 18*28 

Locomotive 535»63S 24-31 

Maintenance 5o8»73S 2309 

Management 68,353 3*10 



Less credit recoveries . . . 



Lake Wakatipu steamers 



1,515.438 
27,736 

1,487,702 
5,198 



68*78 
I '26 

67-52 
006 



;^I 492,900 67-58 

The amount expended on maintenance of line, buildings and 
other structures, ;£^So8,735, is an increase of ^6 17,916 on the 
amount spent during the previous year, and gives an average 
expenditure of ;^2 16*64 per mile, against ;^2 12 94 per mile for 
the preceding year, an increase of;^3-7o per mile. Additions 
and improvements to lines and structures, costing ^^i 2,391, 
which might fairly have been charged to capital, have been 
made during the year and charged to working expenses. The 
expenditure on account of bridge renewals and repairs amount to 
;^62,o83, all of which was debited to working expenses. 

Summary of results of working for year ended March 31st, 
1905 :— 

Miles open for traffic 2,374 

Capital, open and unopen lines ... ;^23,oo3,704 

Capital, open lines ;f 21, 701, 572 

Capital, per mile of,.open lines ... ... ^9, '4' 

Gross earnings .1^2,209,231 

Working expenses ;^i,492,9oo 

Profit on working y^7 16,331 

Per cent, on capital 3*30 

Working expenses to earnings 67-58% 

Earnings per average mile open ... ;^938 

Working expenses per do. ^^634 

Profit per do £i^A 

Earnings per train mile 86 5od. 

Working expenses per do 5 8 •46d. 

Net earnings per do 28 o4d. 

Passengers, ordinary ... ... ... 8, 5 1 4, 1 1 2 

Season tickets 140,453 

Goods tonnage 4,011,511 

Live stock tonnage 1 7 3,956 

Train mileage 6,107,079 

Locomotives 389 

Passenger cars ... ... ... ... 864 

Wagons and brake vans .. . 13,885 

Steady progress has been made during the year in the 
important matter of extending the safety appliances. Signals and 
interlocked points were fitted at several points^ and 66 tablet 
instruments and 85 miles of line fitted up and tablet working 
installed. Other extensions of tablet system are in hand, and 
will be vigorously pushed forward. The installation of these 
instruments adds very materially to the safety of the travelling 
public. The stalT-and-ticket system of block working was 
extended. This appliance, like the tablet and interlocking 
system, has given satisfaction wherever it has been installed. 
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Mr. Edward T. Broadhurst, 56, O.xford Street, Man- 
chester, has been elected to fill the vacancy in the Board of the 
L. and North- Western R. caused by the resignation of Sir W. 
H. Houldsworth, Bart., M.P. 

Lieut..Gencral Sir Richard Strachey, R.E., chair- 
man of the East Indian R., has been awarded the Symons gold 
medal of the Meteorological Society in recognition of the valuable 
work he has done in connection with meteorological science. 
The medal will be presented at the annual general meeting of the 
Society on the 17th prox. 

Mr. Vincent Hill, general manager South-Eastern and 
Chatham Rs. Managing Committee, has been appointed chair- 
man of the general managers of the railway companies of 
Great Britain associated with the Railway Clearing House. 

Mr. Henry Partington, assistant goods manager L. and 
North-Westem R., has been elected chairman of the Goods 
Managers Conference for the ensuing year. This is a particular 
compliment to Mr. Partington, as it is the first time that an 
" assistant " has ever been elected to fill this position. 

Mr. John Martin, who lately succeeded to the appoint- 
ment of general accountant to the North British R., still retains 
the secretaryship of the Forth Bridge and West Highland 
Railway Companies. 

Mr. A. Rutherford, the late chief goods nnnager of the 
North British R., was at a recent conference of the Clearing 



House the recipient of a handsome silver canteen service from 
his colleagues there. Mr. Rutherford has been associated with 
the Conference deliberations since 1872. 

Mr. Henry E. Walker, assistant locomotive superin- 
tendent of the Buenos Ayres Western R., has been appointed as 
from the ist ultimo locomotive, carriage and wagon superin- 
tendent of the Buenos Ayres Great Southern R., in succession to 
Mr. Robert Gould, who retires, and Mr. A. C. Rcnton, late 
resident engineer Buenos Ayres and Pacific R., has been 
appointed resident engineer. 

Mr. Surrey Warner, assistant carriage and wagon 
works manager Great Western R., has been appointed carriage 
and wagon superintendent of the L. and South-Western 
R., in succession to Mr. W. Pantcr, who, as we stated in a 
recent issue, retires at the end of the year. 

Mr. W. H. Williams, assistant running superintendent 
Great N\ estern R., has been elected Mayor of Swindon. 

Mr. P. Marriott Payne, assistant rating surveyor, has 
been appointed rating surveyor to the Midland R., in succession 
to Mr. W. P. Payne, who retires at the end of the year. 

We regret to record the d'jath, on the Sth ultimo, of Mr. 
Charles Grey Mott, director of the Great Western R. (since 
1868), chairman of the City and South London, the Southern of 
Peru, the Midland of Uruguay, and several other railways. He 
was 72 years of age. He was generally referred to as the 
" father " of electric traction on underground railways, because 
he was mainly responsible for introducing that system of traction 
on to the City and South London R., which it was originally 
intended should be worked hy cable. 

Proposed Railway Amalgamations. 
Great North of Scotland and the Highland Railways. 
Judging by the published terms of this proposed amalgamation 
it would perhaps be more correct to say that the former company 
will take over the undertaking of the latter. But even so it will 
be a great benefit to the shareholders of both companies, and also 
to the country served by both lines. One strong company is 
always better than two weak and partially competing ones. 
Nevertheless, it is evident that the grumblings are being fanned 
into thunder in the interests of lawyers, and the scheme of 
amalgamation promises to be the pike de resistance of the next 
Parliamentary Session. The Scots are generally a ** careful'* 
people, but, by some strange paradox, they seem to revel in that 
most expensive luxury — law. 

Lancashire, Derbyshire and East Coast R. 
Subject to Parliament's approval terms have been agreed by 
which this unfortunate concern will be bought up and absorbed 
by the Great Central R. It is to be hoped the Bill will be passed, 
as the acquisition of this railway would greatly benefit both the 
Great Central R. and the public, while the staff of the L.D. and 
E.C.R. would be elated beyond description. And by the con- 
struction of a short length of line this railway would provide the 
Great Central R. with a second route for much of its traffic from 
and to Manchester without its having, as it now does, to pass 
through the Woodhead Tunnel. 
The Waterloo and City and the Axminster and 

Lyme Regis. 
By the Bill deposited by the L. and South-Western R. Co. asks, 
amongst other things, for powers to take over and absorb the 
Waterloo and City R. and the Axminster and L}^!!^ Regis. R- 
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Railway Bookstalls. 

At the end of the year Messrs. W. H. Smith 'and Son's contract 
for the bookstalls and advertising on the L. and North Western 
and the Great Western railways expires by effluxion of time, and 
on the first of January Messrs. Wyman and Sons will take over 
the bookstalls on both railways, and the advertising on the Great 
Western R., while the advertising on the L. and North Western 
R. has been secured by Mr. T. Kershaw, of Manchester. Messrs. 
W. H. Smith and Son have had the bookstalls for upwards of 50 
years and have amassed a huge fortune out of the public through 
them. The railway companies in these hard times very rightly 
considered they should have more of these profits, and as Messrs. 
Smith could not see their way to give more the companies adver- 
tised for tenders — as they ought to have done years ago — with the 
result above stated. The public cannot possibly be worse off 
and the railway companies will certainly be better off. We 
believe we are correct in stating that the railway companies have 
been receiving half the gross receipts from the advertisements in 
return for finding the space, carrying the advertisements, and 
assisting in the hanging — an arrangement which says very little 
for the business acumen of the directors. The North London 
R. is an exception and has its own advertisement department, 
much to its own profit we should think ; but on this railway also 
the bookstalls will pass over to Messrs. Wyman and Sons on the 
I St proximo. 

As Messrs. Smith have announced that they do not intend to 
leave more of their business to their successors than they can 
help the development of the change will be watched with 
interest. 

Preservation of Steel Cars. 

At the Master Car and Locomotive Painters* Convention, held at 
Cleveland, O., last September, Mr. T. J. Rodabaugh, of the 
Pennsylvania Co., read a paper on the Preservation of Steel Cars, 
in which he said he did not think any progress had been made 
because of the limited privileges that the foreman had for 
making practical tests of paint He ridiculed the usual tests ot 



painted plates of metal hung out to dry on roofs and walls, and 
expressed the opinion that the preservation of steel cars by 
painting them would never be accomplished until the manage- 
ment gave up the practice of loading " hot slag and taking sledge 
*^ hammers on to the outside of a car to loosen the coal and slag 
** that has frozen in them during the winter." 

The York Engineering Co. 

This concern has lately been wound up by voluntary liquidation, 
and its shareholders have received a final dividend of 26 1| per 
cent. Its paid-up capital was ;^7 0,000, and its assets realised 
;^ 1 83,000. In the past its shareholders have received enormous 
dividends, and the shareholders of the North Eastern R. ought 
to be delighted to hear that this concern will no longer live on 
their property. Turning wheels for the N.E.R. was one of its 
chief lines of business, but the establishment of the Darlington 
shops and **hard times" spoilt the business. 

The Slowest Train in the World. 
M. Georges Irade, writing in the French journal, Lts Sports^ 
claims that after a long and conscientious search he has run to 
earth the slowest ordinary passenger train in the world. This 
record-holder is chronicled on page 773 of the Guide Chaix^ and 
performs in Spain, a country in which twelve milei an hour is by 
no means an uncommon rate of speed on the railway between 
Soto-de-Rey and Ciano-Santa-Ana. This line is 13 J miles long, 
and it has one station en route ^ viz., Sama, which is i a miles 
from Soto-de-Rey and 1 J miles from Ciano-Santa-Ana. Leaving 
the last-named place at 6.25 a.m. the train reaches Sama at 6.55, 
and Soto-de-Rey at 8.20. Thus the average rate of speed of the 
train is under seven miles an hour, while from Ciano-Santa-Ana 
to Sama the speed is only 3} miles an hour. At all events, 
serious railway accidents ought not to be feared by travellers on 
this line ; even if the train ran oflf the line the consequences 
would not be startlingly disastrous, and there is always the great 
advantage of such a train in that if one misses it at Ciano one, if a 
good walker, can catch it up at Sama. 
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Steam Rail Motor Cars, Midland Railway (Northern 

Counties Committee). 
We are indebted to the courtesy of Mr. R. M. Deeley, M.Inst. 
CE., locomotive engineer of the Midland R., for the accompanying 
photograph and particulars of one of the steam rail motor cars 
recently built at the Derby works for service between Greenisland 
and Antrim, on the Northern Counties section of the railway. 

The carriage portion is divided into 3rd class smoking, 3rd 
class non-smoking, ist class, luggage, and driver's compartments. 

The I St class compartment accommodates 6, and the two 3rd 
class compartments 40 passengers. 

The engine is of the locomotive type, with outside cylinders 
driving the end pair of wheels, which are not coupled to the other 
pair of the engine bogie. VValschaert's motion is employed for 
actuating the slide valves, which are above the cylinders. 

The following are the leading particulars : — 

Cylinders: Q^in. diam. by i5in. stroke. 

Boiler: Mean diameter of barrel inside, 3ft.7jins.; thickness of 
plates, Jin.; length of barrel between tube plates, 4ft.; 139 brass 
tubes, ijins. outside diam.; length of firebox shell, 3ft.iins. 

Heating surface: Firebox, 5isq. ft.; tubes, 262 sq. ft. Total, 
313 sq. ft. 

Grate area, 76 sq. ft. 

Wheelbase : Engine bogie, loft.; carriage bogie, 8ft.; centres 
of bogies, 39ft. 7iios. 

Length over buffers : 60ft. 5 Jins. 

Wheels: Engine driving, 3ft. 7iins. diam.; engine trailing, 
3ft. 3ins. diam.; carriage, 3ft. 6ms. diam. 

Water capacity of tank, 500 gallons. 

Coal capacity, 11 J cwts. 

Weights determined at Belfast : — 

Empty, Working. 

tons. cwt. qr. 

16 2 o 

682 

13 12 2 

39 3 o 

We are also indebted to Mr. Bowman Malcolm, M.Inst. C.E., 
locomotive engineer to the Northern Counties Committee, for the 
diagram and following particulars of the carriage which was con- 
structed to his general specification, though the details were all 
worked out at Derby, where the vehicles were made. 

The body is 43ft. lin. long by 8ft. wide inside. The inside 
lengths of the compartments are figured on the drawing. The 
3rd class smoking compartment seats 24 passengers, the 3rd class 
non-smoking 16, and the ist class 6. All the partitions between 
the compartments have sliding doors. The vehicles a'-e provided 





tons. cwt. 


qr. 


On driving axle 


14 16 





On trailing 


8 4 





On carriage bogie ... 


12 10 


2 


Total ... 


35 10 


2 



with steam-heating apparatus, and are lighted with ordinary 
Pintsch gas lamps, opeiiing from the inside. 

The upper panels of the 3rd class compartments are of 
birdseye maple and the lower ones of oak, and the seats 
upholstered with maroon Pegamoid, while the ist class is 
panelled with mahogany and upholstered with old gold-coloured 
figured velvet, over ^Vood*s woven wire seats, which are also used 
in the 3rd class compartments. 

The gauge is 5ft. 3in. 



High 



Pressure Incandescent Gas Lighting; Broad 
Street Station, North London Railway. 

The great success which has attended the introduction of high 
pressure incandescent gas lighting for railway stations and other 
public places was fully demonstrated on the 7th ultimo when 
Broad Street Station, North London R., was lit up by Messrs. 
William Sugg and Co.'s system. 

Broad Street is now without doubt the most brilliantly lighted 



ftiiHtvay Cn^inetr 



Fig. I.— Sugg's Newark Lamp 



Fig. 2.— SuRg*s Belcrayi; 



ewarK L.amp. rig. 2. — ^ugg s ueicrayia UimD. 

Broad Street Slatiomjfl*^]^ l^^^ffli'OOQ I^ 
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station in London — we think we might safely say 
in the country — and it is possible to read small type 
with ease on any of the platforms or staircases. 

As compared with electric light Sugg's system 
is much cheaper both as to first cost and subse 
quent maintenance, and for the same annual outlay 
gives a much superior light which is well diffused, 
does not flicker, and throws no deep shadows, a 
fact which, no doubt, helped to secure its adoption 
for the lighting of the precincts of Buckingham 
Palace, which installation Messrs. Sugg's have 
nearly completed and will shortly open. 

At Broad Street Station the whole of the work 
has been carried out by Messrs. VV^illiam Sugg and 
Co., Ltd., of Westminster, under the instructions of 
Mr. Henry J. Pryce, locomotive superintendent of 
the North London R., and Mr. E. VV. Goodenough, 
chief inspector of the Gas Light and Coke Co. 

The eight platforms are lighted with fifcy-nine 300 candle-power 
'• Newark " lamps, fig. i, or a total of 17,700 candle power with 
an hourly consumption of 590 cubic feet of gas, which at 25. iid^. 
per 1,000 cubic feet costs only is. S^d, The carriage approach, 
five staircases, two arcades and the circulating area leading to the 
eight platforms are lighted with fifty-one of Sugg's high pressure 
incandescent lamps having together a total lighting capacity of 
17,260 c.p., having an hourly consumption of 576 cubic feet, 
costing only is, Sd. per hour. The parcels office, cloakroom, 
booking offices, etc., are lit by low pressure incandescent lamps 
having an aggregate lighting power equal to that of 5,040 candles 
and consuming 252 cubic feet, costing 8|^. The lamps are 
** regenerative," and are very strong, the globe being supported 
from the bottom by means of the central rod so that should they 
break there is little risk of them falling. 



P'ig. 3. — Gas Driven Compressor for High Pressure Incandescent Gas Lighting. 

Broad Street Station is very happily situated, as it is able to 
obtain its gas supply at a pressure of loins. direct from the Gas 
Light and Coke Co.'s high pressure trunk main. But this is not 
a very important point, as Messrs. Sugg make a very compact 
gas-driven compressor, fig. 3, which requires but little attention. 
The size illustrated occupies a space 3 4 ins. long by 1 sins, by 
23ins. high, and is capable of dealing with the gas required by 
eighty 1,000 c.p. lamps of the " Belgravia " type, fig. 2, of which 
two are fixed in each arcade of Broad Street Station. 

This station was lighted by old-fashioned gas burners, and 
b'^fore Sugg's system was adopted the subject was thoroughly 
investigated and carefully compared with electric light, but 
though the company was offered electric current at i{d, per unit 
it was decided to instal a modern system of gas lighting — a 
decision no doubt influenced by the fact that at Victoria Siaiion 



Fig. 4. —View of Interior of Broid Street Station, N.I.R. Photograph taken by Sugg's Il'gh Pressure Incan 
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the L., Brighton and South Coast R. Co. have saved more than 
;;^i,ooo per annum by substituting good gas lighting for indifferent 
electric lighting. 

It is a striking fact, and one that illustrates the veritable 
revolution effected in gas lighting by the invention of the incan- 
descent mantle, that, although the lighting of Broad Street 
Station has been increased from a total of 8,000 to 40,000 
candles, it is estimated that the gas bill will be reduced by over 
^200 a year, after providing for the cost of alfmantles, atten- 
dance, &c. 

For the lighting of workshops this system is admirably suited, 
and it would be difficult to find better lighted works than 
Messrs, Sugg's at Regency Street, Westminster. These works 
cover about an acre, and works managers not familiar with this 
system of lighting would find a visit to them full of interest. 

Fig. 4 is a photographic view of the station, and its sharpness 
of detail illustrates the quality of the lighting. The apparently 
deserted condition of the station is explained by the length of 
exposure, about 20 minutes, given to the plates. 



Books, Papers and Pamphlets. 

'Jhe Merchatttabie Timbers of Queett stand. REPORT BY Philip MacMahon. 
Brisbane : Geo. A. Vaughan, Government Printer. 1905. 

Tins is a report by the Director of the Government Botanic 
(Jardens, Brisbane, issued under the authority of the Hon. 
I%by F. Denham, M.L.A., Secretary for Aj^riculture of 
Queensland. Its object is to brinjj prominently before users 
nf timber j^enerally, and railway enj^ineers (especially in tropical 
countries) in particular, the merits and properties of Queens- 
land timbers. 

Tlic report has been compiled with ffreat care, and no pains 
have been spared in either its preparation or production. It 
is exhaustive and instructive, and, while the nature and habits 
of the trees are treated of scientifically, the practical and com- 
mercial features, such as strength, weight, size, price and 
uses, always predominate. 

There are ()0 large photographic illustrations of the 
growth, felling, scantlings and use of Queensland timbers. 
Some of these show sections through the spike holes or views 
of the rail seats of sleepers after having been in use 14 years, 
and which are interesting, as they show that the sleepers 
were still sound and that the sleepers were only ** weathered'* 
at the edges; the wood itself being, it is stated, harder than 
when it was first laid in the road. For the purposes of con- 
tnist, illustrations are given of similar sections of sleepers 
lifted from American railways after only one or two years 
service. Another illustration of a sharp curve shows that 
rails on sleepers of Queensland timber only require single 
spiking as when laid on the straight. 

There are also two large coloured maps of the forest belts 
and several smaller ones showing the elevations, rainfall, etc. 

.All the carriages and wagons of the Queensland railways 
are built at the new works at Ipswich, entirely of native 
limber, which is delivered in logs and converted at the works. 
The timbers which are used for the various parts of the 
vehicles are specified and some valuable remarks and opinions 
by Mr. Horniblow, chief mechanical engineer, are quoted, 
and amongst which we notice that Silkwood or Cardwell 
Maple is quite equal to teak. 

Among the several tables is one giving the characteristics 



of eight timbers now exported for sleepers, viz., the per- 
centage of moisture, dry material and ash and the distin- 
guishing characters of the sawdust, ash and sections. An- 
other useful table is one of vqo Queensland timbers and the 
purposes for which they are suitable. 



Standard Stfd Constnution, Compiled for Hall and Pickles by Chas. 
IIeatirote and Sons 2nd Edition. London: Sherrait and Hughes, 
65, Long Acre, W.C. ; Manchester : 27, St. Ann Street. 1905. 

These tables were first compiled for the use of architects, 
engineers and others engaged in the design of constructional 
steel work. They have been so largely appreciated that a 
second edition of them has been issued, and the opportunity 
has been seized to add some new and valuable features. 

The tables are grouped into four sections : — 

Property Tables or all sections of angles, Z and T bars, 
channels, bulbs, built girders and stanchions. 

Beam Tables for angles, T and Z bars, channels, joists, 
compound and plate girders. These give the safe uniform 
load for all sizes up to 25ft. span for the small sections and 
50ft. for the larger ones, advancing by i and 2ft. respectively. 

Strut Tables for single and coupled angles and tees, rolled 
joists and compound sections and cast-iron columns. 

Table of Beam-loading Factors to reduce an irregular 
load to an equivalent uniformly distributed load. 

There are also two very useful plates, one showing the 
shearing strength of girder webs and the other the economical 
values of various types of stanchions. 

Considerable space is given to the consideration of eccen- 
tric loading and the method of using the tables to ascertain 
the sections necessary, e,f!^,, when beams are supported on 
angle brackets riveted on to the flange of a stanchion or when 
floor joists are carried on a bracket angle riveted on to the 
web of a girder. 

Such tables must be well-nigh invaluable, particularly 
when, as in the case with these, they are printed in large 
clear type. We have not, of course, checked these tables, 
except in two or three places, and these we found were 
correct. 



Books Received. 

Rfft'rence Hook for Stalica! Cahuiafiom. By Francis Ruif. Wiih 160 
illustrations. London: E. and V. N. Spon, Ltd., 57, Haymarket. 1905. 
[136pp.; 7 J ins. by 5ins.] 

Fowler's Michanical En^hnet's Pocket Book^ igob. Edited by Wm. H. 

Fowler. Scientific Publishing Co., Manchester. [516pp. 6 ins. by 

3{in-.; price, is. td. ne'.] 
The Use and Cart of Chains for Lifting and Hanling. By Henry Adams. 

and Edition. London : 60, Queen Victoria Street, E.C. [21pp. 

price, I J.] 
This is a reprint of a paper read before the Civil and Mechanical Engineers* 
Society, and is, we believe, the only book or paper dealing with the subject. 
The author has had a lengthy practical experience with dock machinery and 
cranes, and was recently called in to advise the Home Office authorities when 
they were prepaiing their Regulations for Docks and Wharves. 



Rail-Motop Carriages ; L. & North Western 
Railway. 

In our October issue we illustrated the new Ra'1-Motor Carriages 
which have lately been put into service on the L. and North 
Western R., and it will be remembered that one of the distinctive 
features of these vehicles is that though the carriage body 



encloses the boiler it is only connected t 



connected to the enginebpgk 
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the centre, and on 
being lifted the 
boiler is drawn out 
on the engine bogie 
through large end ^^ 
doors. There are, 
of course, some 
pipes and gearing 
to disconnect, and 
the underframe is 
specially construct- 
ed at one end. 

By the courtesy 
of Mr. C. A. Park, 
M.Inst.C.E., car- 
riage superinten- 
dent, we are able to 
publish a complete 
drawing of the un- 
derframe which he 
designed to enable 
the above men- 
tioned operation to 
be readily carried 
out. 

It will be seen 
that the headstock, 
with self-contained 
buffers, is provided 
with strong cast- 
steel knees, which 
are bolted to the 
sole bars with six 
Jin. bolts on each 
side. 

The sole bars 
are stiffened and 
carry a steel cast- 
ing forming the 
bogie centre, and 
which rests on the 
swing bolster of the 
engine bogie as 
shown at section Br 
Bl. The other 
part of the under- 
frame does not differ 
very materially from 
the standard prac- 
tice for L. and N.W. 
carriages. The 
drawing is fully 
dimensioned. 

Provision is also 
made for removing 
the end portion of 
the floor of the body 
when taking out the 
boiler and engine. 
This is effected by 
removing a wrought 
iron plate which 
spans across the 
opening, and which 
is bolted to the 
floor bottom sides, 
and which is pro- 
vided with an 
angle iron sill for 
the end doors to 
close on. 
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The Erection of Bridges.^L 

Introdictorv. 
Whenever a bridge has to be built, no matter of what span 
or desigfn, the importance of the method by which it is to be 
placed in its intended position is in most cases as vital as is 
the method on which it is desigfned. It requires quite as 
much enfjineeringf ability to arranfife for the erection as for 
the construction in the shops of any structure of even small 
and insig^nificant dimensions, and in the case of larg^e con- 
structions the question of how the work is to be erected is of 
the most supreme importance. 

The dcsi|jn of ordinary and even of very larp;e bridgfes is 
taujj:ht in many text books, and is dealt with in many colleg^es, 
but it appears from the rarity of monog^raphs upon the sub- 
ject that the erection, under the many diverse conditions that 
inevitably arise, is assumed to be a matter that can be under- 
taken by experience alone, and cannot be imparted in the 
class room of an engfineering* collejfe. 

It may almost be said that there is literature enough to 
make the student perfectly certain that he has made no mis- 
take in his thinking out the anatomy and the economical dis- 
position of the diverse parts of his structure, but he is poeti- 
cally told to ** go and see '* if he enquires how the many parts 
of his creation are to be put to do their actual work. 

And yet it is surely as important that the student shall 
know how to lift and place his work as it is that he shall learn 
how many rivets will effectually cover a certain and essential 
joint. 

As a matter of finance alone the erection on site in many 
cases is as costly as is the material itself, even when it has 
come out of the shops as completed work, and unless these 
matters are thoroughly considered beforehand much waste of 
money may, and probably will, occur. 

There are many items to be considered in every case that 
comes under the care of the bridge engineer. The carriage 
or transit of the work from the place of manufacture to the 
site, the climatic influences upon which all outdoor work must 
depend, the condition and cost of labour, the facility and prac- 
ticability of oversight, and, more than all, the method and 
cost of future maintenance, are all points of great and impera- 
tive importance, and without a sufficient settlement of each 
it may be that an insuperable obstacle will be found to the 
election of the work and the eventual completion of the 
scheme. 

The question of the erection of the work on site is 
therefore essentially a ** part and parcel *' of the design 
as a whole. The means whereby the putting together 
of the various parts is to be accomplished should be 
dealt with simultaneously with the designing of the com- 
pleted structure, or, more correctly speaking, as an essen- 
tial factor in the design, and thus it may be easily argued 
that the erection becomes of equal importance to the economic 
purpose of the completed work. 

The necessity for the consideration of temporary works is 
fully recognised and invariably dealt with in the choice of the 
position of a tunnel or the site of a railway station; each 
description of strata, with its freedom or otherwise from 
water or quick sands and other obstacles, must be taken into 
account before the centre line is decided upon, and it is quite 
as necessary to provide for obstacles or difficulties in the case 
of bridges of even moderate span. 

It mav be that the exigencies of the situation demand 



great rapidity in the execution of the work; the permissible 
time may be short, as in the time of dry seasons in tropical 
countries. The presence of malaria may make quick erec- 
tion essential, and the rains may cause shallow dry rivers to 
become raging torrents that would carry out to sea, or nt 
least effectively destroy, any scaffolding and trestling that 
might lie in their course. A delay of a few weeks, or even of 
months, may not be an exceedingly important matter in the 
building of a large bridge in temperate zones, but in such 
conditions as those just indicated such a delay may result in 
the total demolition of the structure. It has been no uncom- 
mon thing in India for such a flood to arise in one day, and 
Kipling, in ** The Bridge Builders,*' is certainly not beside the 
mark in this respect. 

The road, or the railway, that the bridge is to carry may 
not at all unlikely form of itself the only access to the parts 
of the country that lie beyond the bridge, and then until the 
r(.ad is carried over all further progress is at an end. Nay, 
even the very advance of civilisation itself may depend upon 
the celerity with which the structure in question may be 
erected. 

Nothing, in these conditions, should then be left to chance; 
nothing should occur that has not already been foreseen. 
If malaria and tropical diseases have to be feared the time 
and dates of their occurrence should be accurately known, 
and if the danger is one of flood and swollen rivers the season 
and probable occurrence of these also should be known and 
the information filed, docketed, and diagrammed in some 
accurate manner. 

The safety of the workmen should also be fully provided 
for; nets of ample strength and size should be fixed under 
points of danger, and handrails and protection must be care- 
fully maintained. It is hard to say how far the safety of men 
should be taken into account in the actual design of a struc- 
ture, and to what precise extent it should influence the decision 
whether building out or scaffolding should be adopted, but in 
any case the point should be considered with all its bearings 
on the labour that is available on the ground. It would, of 
course, be impossible to take a ship load of sailors trained to 
work at dizzy heights into the middle of Equatorial Africa, 
and it would be equally futile to try to make the natives of 
certain countries work underneath the ground and go to their 
work by means of air locks into the compressed air of river 
caissons. 

The cheapness of the proposed method of erection, what- 
ever it may be, is also deserving of careful thought. The 
designing of the bridge upon the pin system of American 
engineers may be much more economical as regards labour on 
site than is the Einglish system of riveted and rigid joints. If 
the bridge is to be built in Central Africa, where the climate is 
so unhealthy to Europeans that the work must be done as 
quickly as possible, pins at the joints or articulations may 
much expedite the work and save the cost of special gangs of 
English riveters. 

In such a situation it may not be necessary to send out 
from home expensive and costly plant, cranes, and tackle. 
Labour may be cheap and plentiful, and it may be better to 
employ a chain of natives to carry on their heads the material 
that is to be used than it would be to send out the most in- 
genuously and elaborately contrived cable tram from England. 

In many cases timber may be plentiful, and even may have 
to be cut down to allow the. road or lite l(r]y|p^ ^through if 
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and this may point to scaffolding bcinj^ much to be preferred 
to buildinj^ out or floating^ out, however certain it is that the 
hitter methods of erection would be used nearer home. 

There are a number of well-known cases in Russia where 
girders in pieces have been carried several hundreds of miles 
in railway trucks, the same trucks beings afterwards used as a 
sta^e upon which the whole structure was put tofjether after 
arrival at the site. In these cases the complete bridge is 
pulled over the opening^ upon a temporary bridge or staginf^ 
and placed on temporary bearinjjs. The railway trucks arc 
then hauled away and the bridj^c lowered into its permanent 
position. 

It may perhaps be correct to say that it is practicable to 
desiji^n the erection of any bridgfe, of whatever design, so that 
it can be built without any scaffolding at all, but of course to 
follow this as an unalterable rule in all cases would be absurd 
to the last degree. It is certain, however, that very diverse 
methods of erection may be merged into one another with 
great success in many cases, where, for example, it is found 
economical to half roll over a girder until it can be placed upon 
a floating barge and the work then completed by water haul- 
age. In all such cases, however, where two dissimilar sys- 
tems are blended together, it will probably be found that 
much greater care, much better weather, far more complicated 
arrangements must be made than where one system of erec- 
tion alone is adopted in its entirety. 

When a large bridge has to be erected in a foreign country 
it is very probable that the best system of building will not be 
evolved in anything like detail until the engineer arrives on 
the ground and studies the problem with the actual facts 
before him. He may, as a matter of fact, have depended 
upon an unlimited supply of labour where natives may be 
exceedingly scarce, or he may have anticipated the free use 
of timber where the trees are suitable for anything but the 
work that has to be done. 

It goes almost without saying that where joints in iron 
bridges have to be riveted together with their essential covers 
on the site, they should be most carefully and specially de- 
signed. If the material has to be loaded into the holds of 
ships and lifted out again it is obvious that light, long and 
thin bars will be very liable to damage, and if this injury is 
discovered only when the injured piece arrives at its destina- 
tion far away from home, the consequences may be serious 
and much anxiety and delay involved. In all cases the dif- 
ferent parts of the work should be painted different colours, 
say red, green and white, for different parts of the structure, 
base, uprights and top, and the marking of all the parts 
should be thorough and complete. 

Sometimes, then, it is one consideration, sometimes 
another, that guides the method of the work on site, but it 
is surely possible to employ one ideal in nearly all examples, 
and that is elegance of method and gracefulness of the whole 
operation. 

In the following papers the different classes of bridge 
erections will be taken under the following heads, viz. : — 

A. Girders, by lifting in one piece, 

B. Girders, by erection on staging. 

C. Girders, by moving bodily sideways. 

D. Girders, by floating out on pontoons. 

E. Girders, by protrusion of temporary work. 

F. Continuous girders, generally. 

G. Continuous girders, by rolling out from the end. 



H. Cantilevers, by building out from abutments. 

I. Metal arches, by building out from abutments. 

J. Miscellaneous. 

A. Girders, hv Lifting in One Piece. 

This appears at first observation to be the simplest and 
most obvious method by which girders for bridges may be 
erected, and if the girder is not too long or too heavy for the 
available lifting power, much anxiety may he saved by the 
adoption of this method. 

Of course the point of application of the lifting power 
must be carefully considered, as it is not frequently the case 
that the chains or slihg of the crane can be applied underneath 
the actual permanent bearings of the girder, and practically 
always the lifting has to be done at a point intermediate in 
the span where there -may not be either a suitable bearing 
plate under the girder or stiffeners between the two flanges 
to prevent their crippling and local injury. 

If the girder is lifted in the centre of its length the result 
is that every bar is stressed by the weight of the girder in a 
contrary direction to what it will have been designed, and 
even if the lifting is done from two points nearer the ends 
the outer extremities of the length are stressed as cantilevers. 
Local damage to the ironwork may ensue, such as the bend- 
ing up of the sides of the flange, the tearing out of rivets, 
and even the splitting of the plates and angles. These local 
damages are extremely difficult to make good, and in any 
case, even if the damage can he remedied, the metal will have 
been strained at this part, and it is very questionable whether 
its elasticity and resilience can be regained. 

If girders are carried to their destination on railway 
wagons the handling of them in the lifting on and off the 
vehicles, and the sources of possible damage during transit 
all require to be previously provided for. The girders may 
easily be strained by the lifting and may be also damaged by 
the loading of them on their sides, in the flat position, instead 
of propping them from the sides of the wagon in a position 
where the webs of the girders are vertical. The loaded 
wagons will have to travel around curves on the line, and at 
the junction with the maker's works these curves may be of 
considerable sharpness. In this case, of course, the wheels 
of the vehicle will have to follow the curves of the rails what- 
ever that may be, whilst the girder itself will either remain 
straight or be severely damaged. On the journey shunting, 
sudden stops, or brakeing will occur, and the girder will have 
to sustain heavy end blows and at its temporary bearings will 
have to bear friction with the wagon or bolster, together with 
the occasional jerk of the steadying chains, which is inevi- 
table. 

Much better and more satisfactory work will, however, 
be ensured in any case if the riveting up of the girders is done 
entirely at the maker's works than would be the case where 
some of the joints, with their covers, are riveted up on the 
site. Even when good staging is provided fcr the riveting 
gangs, and where machine riveting is employed, the work 
cannot be quite as good and tight as in the maker's yard. 

The following cases of the lifting of girders in one piece 
may be cited as examples. 

.S7. Pinnock I'iaduct. — This is a case of the renewal of an 
old timber structure by means of new iron girders (see fig. i). 
The work of erection was novel in character. The upper 
part of the piers of the old structure had been originally con- 
structed of timber, and It was "^fi^gf^^Xri^Wr ^b^yjPTP^^^n ^^^ 
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the new iron jjirdcrs that this upper portion of the pier should 
he reconstructed in stone, it also beinf^ necessary to make 
provision for the runninj»^ of trains over the viaduct durini^ 
the whole of the time that the work of renmval was in pro- 
i^ess. 

It is said that this manner of renewinjf old viaducts is 
economical only in the case of those over 120ft. in heij^hl» 
and that in cases where the heijj^ht is less it is better to re- 
construct the viaduct entirely of brick or stone. As a matter 
of fact, the renewal in question cost only about one-half cf 
what the rebuilding- in stone would have cost. 




Fig. I. 

Much interlacing' of old and new work had to be done in 
this case. The struts under the centre beams were shifted 
sideways on the piers so that masonry could be built outside 
them, an indication of which is given in the figure. Some of 
the diagonal bracing was removed at the same time, and 
room was left inside the new masonry in order that the timber 
struts could be removed when the new girders were erected. 

An arch was built in the centre of the new upper part of 
the pier, in order that the masonry could be built to its full 
height without pulling down the timber struts which sup- 
ported the railway above. 

A temporary road of ordinary gauge was carried out on 
cantilevers on each side of the old viaduct, and at the same 
level as the running lines, and these two lines were used to 
carry most of the materials for the new work by means of 
light travelling cranes. 

The new main girders, each weighing 15 tons, were carried 
to their destination b} a couple of lo-ton cranes working on 
the main line. The time occupied in the fetching of two 
girders from a siding near the viaduct, the hauling of them 
to their place, the lowering on to the bed stones, and the run- 
ning back of the two cranes to the siding was in some cases 
less than an hour. 

The cross girders were threaded into their place between 
the timbers of the old viaduct, partly by cranes and partly by 
Weston's blocks. 

The replacing of the timber flotir by Barlow rail decking, 
in lengths of about loft., completed the work. 
(To be continued. ) 



High-speed Steel for Dpilling. 

HK;n-si»b;L;D, or what is known as air-hardening, steel has 
within a few years completely revolutionised machine shop 
practice. Cutting speeds have been trebled and the output 
more than doubled. Until recently it has not, however, been 
successfully used for drilling purposes. The principal reason 
for this has been that manufacturers of twist drills seemed 
unable to furnish a drill of this material and guarantee its 
reliability. Also the percentage of loss in manufacture which 



occurs with steel of this nature is so great that the price to 
the purchaser would naturally be increased to such an extent 
that the advantages would be overshadowed.* 

The Rich flat drill bit has recently been placed on the 
market and is the first successful application of high-speed 
steel for drilling purposes. Various trials have demonstrated 
that one of the.se drill bits outwear 10 to 15 twist drills, and 
each is absolutely guaranteed by the manufacturer, so that 
the buyer is called upon to take no risk whatever. 

The form of the Hat bit is shown in the illustration. Its 
construction is simple, but it is extremely efficient and em- 
bodies many strong features. It is made of a rolled bar of 
carefully selected air-hardening steel. Suitable lengths are 
then cut and put through a highly refined proces.s — the result 
of long and costly experiments. They are carefully tem- 
pered throughout the entire length, for they are designed to 
be usable up to within two inches of the butt. They are next 
ground and are then ready for use. During the process of 
manufacture frequent tests are made, and any showing the 
slightest defect are thrown out. 

Some interesting trials have been made which indicate the 
superiority of air-hardening steel for drilling purposes, and 
show the remarkable endurance which it exhibits in this class 
of work. At one of the Carnegie Steel Company's rail mills 
a set of six Rich flat drills each drilled 1,600 holes lin. diam. 
in cSolb. steel rails without being reground. Fifty holes with 
the ordinary twist bit would be considered a very good per- 
formance. 




Fig, I.— Rich Flat Diill Bit. 



Fig. 2.— Spindle for Rich Flat Bit. 



That a great deal depend.? on the proper tempering and 
refining of air-hardening steel in the production of a drill bit 
was made evident by a test conducted at the mill of the Illinois 
Steel Company at South Chicago, where the Rich drill was 
tested with forged flat drills of the same material, where it 
was found that the Rich bit drilled twice as many holes at 50 
per cent, greater speed. 

Another interesting experiment was made on armour 
plate in the Navy Yard at New York. The Rich drill bit 
drilled 10 holes in the armour plate turrets of the battleship 
** Connecticut " i-fins. diam. without re-sharpening, whilst 
eight twist drills were used without finishing one hole. These 
and other tests convincingly indicate the ability of air-harden- 
ing steel, as developed in the Rich flat bit, to withstand the 
severest service under high-speed conditions with coarse 
feeds. The extreme hardness of these drills and the conse- 

* One of the causes of the comparative failure of ** high-speed " drilling in 
this country is the fact that the men cannot be depended upon to slack oft the 
ieed when the material at the bottom of the hole is getting thin, with the result 
that the enormous pressure necessary to force the point of the drill into the 
work pushes the drill through the thin bottom and generally breaks it.— 
Ed. /e.E. 
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qiient economy ensuing from their use will doubtless augment 
iheir use for track work. 

The shape of the Rich flat drill is such that a special chuck 
is made necessary. This is furnished by the same company 
and is an excellent example of the machinist's art, being con- 
siderably above the average. The jaws, which are adjust- 
able, are so arranged that the bit is held dead true and abso- 
lutely firm by means of a clamping unit. The end of the bit 
is supported by an adjustable thrust block within the barrel, 
which may be changed to compensate for the wearing off of 
the point in grinding. One important feature which reduces 
the liability of the drill breaking is the depth of the barrel, 
which allows the bit to recede into it until only enough is pre- 
sented to penetrate the work before it. — The Railway and 
Engineering Review. 



Modern British Locomotive Construction. 



By Chas. S. Lake. 



It is of great importance that modern locomotives should 
combine the ability to run at high speeds with an abundant 
hauling capacity, but of the two qualifications the latter must 
always receive first consideration where the work to be per- 
formed is of a maximum character. To this reason may be 
ascribed the tendency to increase the size of the boilers, 
whilst restricting the proportions of the cylinders and wheels, 
the more general employment of high steam pressures, and 
the wider use of compound cylinders. There is also a more 
clearly defined inclination to enquire into the possibilities of 
superheated steam, and on another British railway this system 
will in the near future be tried. 

There would appear to be ample reason for extending the 
use of three or four cylinder compound locomotives, which, 
by bringing into operation a starting or "change" valve, 
can be worked as ** simple *' engines of great power for tem- 
porary purposes, such as at starling or on steep gradients 
with heavy train loads. 

Locomotives constructed on this principle ought to be 
more economical than those in which multiple cylinders 
adapted for using steam direct from the boiler are employed. 
In the latter class the range of expansion is no greater than 
in a two cylinder simple engine, but the four small cylinders 
are more convenient of disposition than two of a diameter 
giving the same capacity can be, and the piston effort is dis- 
tributed over four cranks instead of two, thus rendering the 
engine more reliable at starting with maximum loads, whilst 
by arranging the cylinders in pairs to drive separate axles a 
distribution of the stresses is brought about through being 
divided over two axles instead of concentrated in one, as 
would of necessity be the case if only the two cylinders were 
employed. Nevertheless it is difficult to appreciate the 
reasons for the adoption of the four-cylinder simple engine, 
which is the type most likely to be wasteful in steam con- 
sumption. 

In the last issue of the Railway Engineer there appeared 
an illustrated description of one of a series of four-cylinder 
locomotives designed by Mr. D. Drummond for hauling the 
heaviest passenger trains on the most difficult sections of the 
L. and South Western R. These engines have cylinders i6ins. 
'ia. by 24ins. stroke and three pairs of whc*els coupled 6ft. in 



diameter, and upon which the total load is 51^ tons. The Ijoiler 
has a total heating surface of 2,727 sq. ft., including that con- 
tained in a group of cross water tubes in the firebox. The work- 
ing pressure is i75lbs. per sq. in. and the grate area3ii sq. ft. 
Thus every feature necessary to the development of extreme 
hauling capacity is present in the design; the engines should 
and will doubtless prove themselves to be equal to the task of 
dealing single-handed with the biggest loads that can be 
accommodated at the stations and even then possess a reserve 
of power which would only be required under the most un- 
favourable conditions of service. In spite of this, however, 
it is not easy to understand why the designer should prefer 
to adopt the high-pressure method of working rather than to 
resort to compounding. 

In two-cylinder simple locomotives it is possible to secure 
a wider range of expansion than is usual on this type by em- 
ploying a long piston stroke in cylinders of relatively small 
diameter. Mr. Patrick Stirling did this in his famous 8ft. 
** single '* locomotives on the Great Northern R., and lately 
Mr. G. J. Churchward has adopted the same plan (in a more 
accentuated form) on the Great Western R. 

Every inch added to the length of the stroke means a 
corresponding increase in piston-speed, and although it is 
easy to follow the late Mr. Stirling's object in adopting a 
28in. stroke, in conjunction with single driving wheels of 
such a large diameter as 8ft., the advantage of employing 
one of 3oins. with coupled wheels of 6ft. Sins, in locomotives 
intended for high speed is not by any means so apparent, 
though of course the pressures adopted by Mr. Churchward 
are much higher. 

Turning from the subject of cylinders to that of wheel 
arrangements, we find that on British railways in the most 
recent practice there is a marked tendency to relinquish the 
4-4-0 type of engine for those of the Atlantic and 4-6-0 types. 
1 his does not alter the fact that the 4-4-0 wheel arrangement 
possesses advantages of an undeniable character, and it will 
doubtless continue to enjoy a wide amount of popularity 
among British engineers. The Atlantic or 4-4-2 arrange- 
ment, on the other hand, admits of possibilities in designing 
the boiler and firebox, which are rendered impracticable in 
the eight-wheeled four-coupled type of engine owing to the 
presence in the latter case of a coupled axle at the rear of the 
firebox. This is so important that many engineers are now 
prepared to adopt the more extended wheel plan in order to 
secure freedom for the adoption of larger fireboxes and grates 
which have become a necessity in modern locomotives of the 
largest types. The 4-6-0 type of engine may almost be con- 
sidered as indispensable where traffic has to be worked over 
sections of a railway abounding in grades of more than usual 
severity. By the use of three coupled axles a greatly en- 
hanced adhesion weight becomes available without imposing 
too great a load upon any one individual axle, and as a fur- 
ther consequence of this a cylinder capacity may be employed 
with advantage which w ould be altogether excessive in a four 
wheels coupled locomotive. 

It is difficult to forecast what developments may take place 
in British locomotive practice in the future. If American 
standards in the matter of wheel arrangement are to be fol- 
lowed there are many which remain to be tried. Extension 
of wheel base necessitates increasing the length of the boiler, 
and this should be accompanied by enlargement in the dia- 
meter of the barrel, the axis of which would then have to be 
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pitched correspondingly higher ai)ove the rails than at present 
— a somewhat difficult matter in this country. 

All thinj^s considered, it seems reasonably clear that the 
best type of locomotive which can be employed for workings 
express passenger traffic on British railways is the three or 
four cylinder compound, with the 4-4-2 wheel arrang^ement, 
cylinders drivinj*" different axles and desij»:ned for working 
either single or compound, and equal when operated single- 
expansion to two of 2oins. or 2 1 ins. by 26ins. ; the boiler as large 
as can be arranged for in the matter of diameter; moderation 
in the length of the tubes and firebox; a heating surface as 
near to 3,000 sq. ft. as can be obtained; a minimum grate 
area of 30 sq. ft. and a working pressure of 20olbs. per sq. in. 
with a safety valve area in proportion. Prolonged and care- 
ful study of the conditions obtaining in modern railway opera- 
tion, and frequent opportunities of observing the work per- 
formed by locomotives from the footplate, have convinced 
the writer that an engine designed on the lines indicated 
would have at least equal chances of success to any at present 
in service. 

Recent issues of the Raihvay Engineer have contained 



over the front portion of the tender, whilst the side sheets are 
also deeper than those fitted to the cabs of previous engines 
on this line. The tender is of the six-wheeled type, and upon 
its sides the engine's number is painted in extra large figures, 
after the style adopted on American railways. 

The leading particulars of the new engines are as follows : 
Cylinders, ig^ins. diam. by 26ins. stroke. 

Wheels (coupled), 6ft. gins, diam.; bogie, 3ft. 3iins 
diam. 

Boiler, centre line above rails, 8ft. 3ins. ; diameter of bar- 
rel (inside), 4ft. 8ins. ; length of barrel, lift. 

Firebox shell, 8ft. long. 

Grate area, 25 sq. ft. 

Heating surface — firebox, 145 sq. ft.; tubes, 1,310*5 sq. 
ft.; total, 1,4555 sq. ft. 

Working steam pressure, 20o]bs. per sq. in. 

Wheel bgse, rigid, 9ft. 6ins. 

Total (of engine), 23ft. 5iins. 

The engine without its tender weighs 53 tons 10 cwts. 
2 qrs. loaded, of which 35 tons 9 cwts. 3 qrs. is on the coupled 
wheels. The tender is fitted with water pick up apparatus, 



Kig. I. 4—4 — o Type Express Engine ; Midland Railway. 



photographic reproductions of some of the latest locomotive 
types introduced on the leading British railways, and by the 
courtesy of the locomotive engineers concerned others of 
equally recent date are illustrated herewith. 

Fig. I illustrates one of a new series of 4-4-0 type express 
locomotives designed by Mr. R. M. Deeley, locomotive super- 
intendent of the Midland R. The engine resembles the pas- 
senger locomotives, with Belpaire fireboxes, put into service 
by Mr. S. W. Johnson shortly prior to his retirement, but the 
working pressure of Mr. Deeley's engines is 20olbs. as com- 
pared with the i8olbs. of their predecessors, and for the 
drum-head tube-plate at the smoke-box end a plate of the 
ordinary pattern has been substituted. 

The smoke-box door is secured by means of six equally 
spaced dogs, instead of by the ordinary method, with a centre 
fastening, and it is claimed for the, plan that by its adoption 
the door is kept tighter, thus minimising the risk of drawing 
air, and thereby partially destroying the vacuum in the smoke- 
box, whilst reducing the steam generating power of the 
boiler. 

The design of the cab is a great improvement upon any- 
thing previously used on Midland passenger locomotives. 
The roof entirely covers the footplate, and extends backward 



has a water capacity of 3,500 gallons and weighs 41 tons 
8 cwts. 3 qrs. loaded. The total weight of engine and tender 
in working order is 94 tons 19 cwts. i qr. 

Figs. 2 and 3 represent one of the new de Glehn system 
four cylinder compounds recently introduced on the Great 
Western R. This engine is amongst the handsomest loco- 
motives running on a British railway. 

The principal dimensions are as follows : — Cylinders, 
h.p., 14 ^\f diam. by 25f^ns. stroke. Cylinders, I. p., 23fins. 
diam. by 25j^*yins. stroke. Wheels, bogie, 3ft. 2ins. diam. 
Coupled, 6ft. 8iins. diam. Trailing, 4ft. 7|ins. diam. Trail- 
ing bogie axle to front driving axle, 5ft. 8Jins. Centre to 
centre of coupled axles, 7ft. of ins. Trailing driving to trail- 
ing axle, 8ft. 2/^ins. Total wheel base, 28ft. 6Jins. Total 
length over buffers, 38ft. 8|ins. Boiler, total heating sur- 
face, 2,6168 sq. ft. Grate area, 339 sq. ft. Height of 
centre line above rails, 8ft. lOj^ins. Working pressure, 
227lbs. per sq. in. 

The engine weighs y^ ^^"s 6 cwt. in working order, of 
which 39 tons is available for adhesion. 

Among the most recent tank locomotives introduced on 
British railways are those illustrated in figs. 4 and 5. The 
first of these is a large 4-4-2 type eneine designed 
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Fig. 3. — Nc\A de G!ehn System Four-Cylinder Compound Engine; Great Western Railway. 



J. Churchward, for working^ fast passeng^cr trains on the 
(j.W.R. main line within certain limitations of distance. Loco- 
motives of this chiss are standard on the London, Tilbury 
and Southend R., where a fast and heavy passenger traffic is 
wholly worked by them. They are, however, quite new to 
the Great Western R. 

The cylinders, wheels, and motion of these new tank 
engines are identical with those of the " County " class ex- 



press locomotives on the same railway, but the boiler, although 
of the same type, having an extended coned ring between the 
first course and the firebox, is somewhat smaller, owing, no 
doubt, to the fact of the side tanks being present in this case. 
A distinctive feature of the design is the diameter of the 
coupled wheels, viz., Oft. iS^ins. on tread, the largest in use 
on any railway in connection with tank locomotives. 

Below are the leading particulars ; — Cylinders, i8ins. 
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diam. by 3oins. stroke. Wheels, coupled, oft. SJins. diam.; 
^H)j;;ie, 3ft. jins. diam.; radial truck, 3ft. Sins. Boiler - 
diam. of barrel, 4ft. 5 Jins. and 5ft. oiin.; lenj^th of barrel, 
lift.; number of tubes, 289; diam. of tubes, igins.; lenj^flh of 
tubes, lift. 4,\ins. Heating: surface, tubes, i, 396*58 sq. ft.; 
firebox, 121*3 sq. ft.; total, 1,517*89 sq. ft. Grate area, 
20*35 sq. ft. Working- steam pressure, i95lbs. per sq. in. 
Water capacity of tanks, 2,000 g^allons. Tractive force, 
2i'i9olbs. 

Tbe eng-ine is fitted with " both direction " water pick up 
apparatus, and the springs of the trailing* coupled wheels are 
connected by equalising^ beams to those of the radial pair 
below the bunker. 

On the Lancashire and Yorkshire R. Mr. (leorgfe Hug^hes, 
chief mechanical engfineer, has put into service a new series 
of 2-4-2 type radial side tank passeng^er locomotives (fig^. 5). 
The new engines are similar in many respects to those de- 



Egyptian State Railways, 1904.* 

The report of the Board of Administration, consisting of 
Messrs. J. H. L'E. Johnstone (chairman), J. Barvis and Scauder 
Fahmy, upon the working of the Egyptian State Railways, 
Telegraphs and the Port of Alexandria, states that : — 

The railway earnings amounted to ^£2,603,216 against 
;^E2, 320,535 in the previous year, and were divided as follows : 
— Coaching, ;^Ei, 188,385 (4- ^Ei92,5o4); goods, ^£1,401,485 
(+p^E89,339) ; sundry, ;^E 1 3,346 ( + ^^£838). These figures 
represent a yield per kilometer (0*62 1 mile) of ;;^Ei,ii8, or about 

12%. 

The total number of passengers carried was 17,724,922, an 
increase of 19% over the previous year. Nearly 16 millions of 
the passengers were 3rd class. The total receipts were 
jf £1,188,385, or an increase of 19%. There was an increase of 
from 10 to 30/ in every class of coaching traffic, and it works 
out to 170 milliemes per coaching train kilom. as against 152 
mill, in 1903. 

The goods earnings were ;fE 1,401,485, against ;^Ei,3i2,i46 
in 1903, and represent 254 milliemes per goods train ki'om. 
against 256 mill. The total agricultural tonnage was 1,382,503 



f »g- 5- 2—4—2 Type Radial Side Tank Passenger Engine ; Lancashire and Yorkshire Railway. 



sig-ned for the same service by Mr. J. A. F. Aspinal, of which* 
a large number are in use, but they have Belpaire boilers and 
extended smoke-boxes and Hoy's patent ** pop '* safety valves 
are mounted over the firebox. 

The chief dimensions are : — Cylinders, i8ins. diam. by 
26ins. Wheels, radial, diam., 3ft. 7jins.; driving and trail- 
ing, 5ft. Sins. Wheel base, 24ft. 4ins. Centre of front 
radial wheels to driving, 7ft. logins. Driving to trailing, 
8ft. 7ins. Trailing to hind radial, 7ft. lojins. Weight 
loaded: — Front radial wheels, 13 tons 16 cwts. ; driving 
wheels, 17 tons 10 cwts.; trailing wheels, 15 tons 
iS cwts.; hind radial, 13 tons 9 cwts.; total, 60 tons 
13 cwts. Boiler — diam., 4ft. sins.; length between 
tube plates, loft. ggins. Firebox — length, 6ft. ^ins.; 
width, 4ft. lin.; height (front), 5ft. 11 Jins.; height 
(back), 4ft. 6|ins. Tubes — number, 220; outside diam., 
I Jins. Heating surface— tubes, 1,086 super, ft.; firebox, 
107 super, ft.; fire grate, 1875 super, ft. Tank— gallons. 
1,540. Coal bunker, 3 tons 3 cwts. 



(+164,244), and for other goods 2,147,056 ( + 317,650), or a 
total net increase of 469,698 tons. 

The working expenses amounted to £E, 1,369,916, against 
^E. 1,256,743 as under :— 

Total Gross 

Expenses. Expenses. Earnings. 

Way and works ... 361,031 2636 13-87 

Locomotives ... 468,292 34*19 17*99 

Car and wagons ... 170,641 12-46 6*55 

X^^^c 226,567 16-54 870 

General charges ... 100,390 7-32 386 

Miscellaneous ... 42,995 3-13 1-65 

Total ... 1,369,916 10000 52 62 

These expenses are equivalent to £E, 588 per open kilom. 
against £E. 539 in 1903 and to 109 mill, against 108 mill. 

Tne total expenses for the Way and Works represent a cost 
per kilometre of track (including sidings) of ^E. 109 against 
£E. 88 in 1903. They include ^E. 133,893 for renewals, new 
works and big repairs. 

The total working cost of the Loco. Department measured 

•An abstract of the previous report appeared in T/u Raihvav Engineer for 
November, 1904, p. 363. ^ T 
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by the engine duly performed was 26 mill, per kilometre run 
against 31 mill in 1903. These expenses include jCE, 39,224 
for new engines and new machinery. The average price of coal 
in 1904 was ^f 1*021 per ton, against ^^1*095 ^^ i903> including 
freight, Custom dues, &c. 

The Carriage and Wagon expenses represent a cost of 691 
mill, per 1,000 vehicle kilom. in 1904 against 580 in 1903. This 
increase is explained by the fact that /^E. 64.690 was spent in 
1904 on new vehicles and new machinery against j£E, 20,210 in 
the previous year. 

The traffic expenses represent 18 mill, per train kilom. against 
19 mill, in 1903. 

The general expenses work out to ;£E. 43 per kilometre of 
line open to traffic in 1904 against j£E. 42 in the previous year. 

The miscellaneous expenses are equivalent to jC^* ^^ per 
kilom. open in 1904 against j^E, 29 in 1903. The excess in 
1903 is due to the fact that the compensation for injuries and 
damages on account of accidents practically represented the 
expenses of two years. 

The total length of the lines without sidings was 2,701 kiloms. 
at the end of 1904, and the total length of sidings was 587 kiloms. 
The number of stations open to traffic was 269. 

The total kilometrage run was 12,510,512 train kiloms. and 
5,026,950 kiloms. for shunting and trial work. The locomotives 
consumed 174,298,800 kilogs. of coal. 

The application of vacuum brakes to more than 40 trains has 
enabled the spe^d of the local and branch services to be 
increased, and while giving a better service to economise stock 
and engines. 

On April 8th signal cabins were opened at Pont-Lemoun and 
Demerdache stations with points and signals properly interlocked, 
on the Saxby and Farmers' system, Tyers' single wire block 
instruments are used in these cabins, the first of the kind installed 
in Egypt. 

Gas fitted coaches are now being run in almost all main line 
trains, and Stone's system of electric lighting is in use in the 
principal expresses. 

107 coaches were fitted with gas lighting apparatus in 1904, 
and there are 27 sets in hand. 

71 gas fitted coaches and 7 fitted with electric light are on 
order from Europe for delivery this year. 

Experiments have been made to determine the most satis- 
factory type of lamp to adopt for large stations, yards and goods 
platforms, with the result that the ** Lux " petroleum incandescent 
lamps have been found to give excellent results. 100 lamps have 
already been erected and another 150 are on order. Where the 
lighting of a small area only is required, such as offices, station 
waiting rooms, signal cabins, &c., a new type of incandescent 
lamp, the " Record," has been tried with satisfactory results. 
Though the majority of personal accidents are of minor import- 
ance, it is noted with regret that they are on the increase. The 
figures compare imfavourably with those of any European 
country, but this is mainly to be ascribed to the bad eye-sight of 
the native population and to their carelessness. 



Ferro-Concrete, and some of its most Characteristic 
Applications in Belgium.^ 



By M. ED. NOAILLON, of Chen^e, near Li^ge. 
(Concluded from page 340). 

One of the special features of the bridge Is that it is built 
upon foundations constructed by a comparatively new process 
— the method of mechanical compression of the soil. The 
piers and abutments rest upon a group of concrete piles driven 
deeply into the bed of gravel, which is strongly compressed 
by the method adopted. The piles are re-inforced by vertical 
bars of steel which are continued into the piers and abut- 
ments, so that the whole is solidly bound together. The 
advantage of this method is to solidly root the bridge into 



* Read before the Institution of Mechanical Engineers at Liege, 
June, 1905. 



the earth, so that it has a resistance amply sufficient in case 
of a floating accumulation of ice occurring which temporarily 
transforms the bridge into a dam. 

From the point of view of its construction the bridge is 
considered as a cantilever with unequal arms, the shorter arm 
balancing the longer by the weight of the abutment* 

The roadway is a platform 7*9ins. thick, and forms a 
tension member by means of its re-inforcement, and it is 
supported by the arches which form the struts. In the neigh- 
bourhood of the keystone, and for about 82ft. in length, the 
roadway is solid with the vault of the principal span. This 
vault is 2*46ft. thick at the haunches, and i*97rt. thick where 
it dies into the roadway; it diminishes further until at the 
crown the roadway and arch together are only 115ft. thick. 
In the parts adjoining the pier, where the vault is clearly 
separated from the roadway, the latter is supported by three 
vertical struts 7'85ins. thick; one is the axis of the bridge, and 
the other two forming solid spandrils. The width of the arch 
being only i8ft. the sidewalks are carried upon brackets 7'4ft. 
long. The roadway is covered with asphalt, and the side- 
walks are paved with artificial stone. 

The same firm built, also upon the Hennebique system, a 
bridge above the high road and the railway at \'al Benoit. 

This is a skew bridge at an angle of 80", and is 39*5^^* 
wide. It has three spans, of which the two principal ones are 
39'4ft. and 59ft. in length normally to the axis. The road- 
way consists of a platform 4*7ins. thick, supported by four 
lines of straight girders connected together by transverse 
joints extended outwards by brackets, which serve to support 
the overhung sidewalks. 

These girders rest upon two piers, each of four columns, 
and also upon abutments at the ends. The foundations are 
formed by masonry wells carried down to a solid bearing 
I3'52ft. deep, except for the abutment adjoining the railway 
which is on the slope of a hill. At this point a solid wall- 
work 82 ft. thick has been built, anchored about 32*8ft. deep 
into the soil, so as to hold back the masses of clay which are 
above and prevent a landslip. 

Framework for Lead Chambers at the Chemical Works of 
THE Enc'.is Company, Limited. 

This company, under the advice of its managing director. 
M. L. G. Fromont, who is an engineer, has adopted the 
system of re-inforced concrete for the construction of various 
foundations and for the construction of tunnels, cellars, plat- 
forms, hoppers, silos, frameworks for lead chambers, and for 
various towers, such as are required in the (j lover and Gay 
Lussac processes. 

Among the interesting applications should be specially 
mentioned the framework for lead chambers, which con- 
stitutes one of the boldest innovations not only in the method 
of construction itself but also in the special apparatus which 
are enclosed. 

It is known that the most modern constructions dei,igned 
to shelter and support the lead chambers are essentially com- 
posite structures, generally made of brick in the lower portion 
and in iron and wood for the upper portion. 

The combination and connection of the various hetero- 
geneous parts presents many weak points at the lines of meet- 
ing; joints and connections for all these junctions represent so 
many points for attack either by the sulphur gas, or by 
sulphuric acid, when an accident has happened. 

Besides this, the enormous quantity of wood used for this 
kind of structure makes them highly combustible, and exposes 
the manufacturer to serious risks. 

These disadvantages alone suffice to justify the use of 
ferro-concrete, and the structure built at Engis, from design.s 
prepared by M. Faure under the guidance of Professor Henri 
Deschamps, constitutes really a monolith from the founda- 
tions to the summit without joints or discontinuity. 

From the point of view of resistance to gas and acid liquids 
the composition and treatment of the concrete has been the 
subject of special study, and the mixtures employed have 
given perfect satisfaction. 

It is impossible for the author to i^ivc either a plan »r 
photographic views of the »"<<-*rioip:f^jm^g g^'^^ili^C!) (2)^4C 
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Special arrangements, which are due to the investigations of 
M. Fremont, are technical secrets which cannot be divulged. 

Tlic structure occupies in plan an area 230ft. long by 
92ft. wide; it has a total height of 82ft., of which 23ft. is for 
the lower portion and 59ft. for the upper part. 

The lower portion is formed of piers placed if^'4ft. apart, 
each consisting of four columns connected at their upper 
ends by a horizontal girder 92ft. long aided at various points 
by struts fixed to the base of the columns. The total load 
carried by the lower structure is about 3,700 tons. At certain 
points the girders are connected together by joints, and there 
is a flooring of ferro-concrete which serves as a footway all 
round. 

The superstructure consists of vertical columns 59ft. high, 
which rise from the ends of each horizontal girder, and besides 
these there arc also columns in the centre of the building. At 
the upper part all the columns are connected together by 
horizontal girders with a span of 44'5ft., and each of these 
bears a distributed load of 45 tons. The horizontal connec- 
tions of these girders form the roof terrace. 

The columns are solidly connected together by vertical 
partitions of ferro-concrete, which, in conjunction with 
various well-designed struts, give the desired rigidity to the 
entire structure. The building was erected in 1900, and since 
that date has been in constant use and has given no trouble 
whatever. 

Another marked advantage possessed by this building is 
that, owing to the careful distribution of the materials, which 
are calculated with ample factors of safety, as was proved 
by rigorous tests, it has not been more expensive to construct 
than the old unsatisfactory composite buildings already 
described. 



8, 10 and 12-Ton Private Owners' Wagons. 

We have abstained from publishing this important Speci- 
fication, which was issued early in the year, until the draw- 
ings were also available. These have now been issued, and 
by the courtesy of Mr. James Holden, M.Inst. C.E., locomo- 
tive, carriage and wagon superintendent of the Great Eastern 
R. and chairman of the Clearing House Wagon Committee, 
we are able to publish the new Specification and the re- 
vised drawings. It must be understood that this specification 
(dated December, 1904) entirely supersedes that dated April, 
1903, and which we published in our issue for January, 1904. 
Standard Specification for the Construction of Private 
Owners* 8, 10, and ii-ton Wagons (and for the re-construc- 
tion of 8 and 10-ton Wagons); also for the conversion of 8 and 
10-ton Dead-buffered Wagons to work upon the lines of the 
Railway Companies. 

December, 1904. 

By the word " Owner ** is meant the parly for whose purpose the Wagons 
are used upon the Railway. 

Private owners may build the body of the wagon so as 
to suit best their own requirements, provided they comply 
strictly with all the provisions and requirements set forth in 
the specification. A working, drawing or tracing, which 
will be retained for future reference by the railway company 
registering the wagon, together with a description of the 
wagon proposed to be built, must first be submitted for ap- 
proval to the wagon superintendent of the company upon 
whose line the wagon is to be ** at home," and, if they be 
found to conform in all particulars with this specification, and 
to the standard drawings annexed, sanction will be given for 
the construction of the wagon; but before any such wagon 
is allowed to run on the company's railway, the railway 
company's wagon superintendent, or his inspector, wmII 
examine it, and, if he be satisfied that the specification has 



been fully carried into effect, will fix a register plate to each 
side of the wagon, which plate will bear the name of the rail- 
way company registering it, the registered number, and the 
maximum load to be carried; and the plate so affixed will 
pass the wagon to work over the company's or any other line 
of railway, except as shown in clause 2 hereof, without further 
registration. This registration will not affect the right of 
any railway company to inspect any registered wagon, and if 
found in any respect defective to stop or refuse it. 

AH new and re-constructed wagons and dead-buffered 
wagons converted to spring buffers will be registered by the 
company owning the line where the wagons are at home or 
where the owner's place of business is situated, although the 
wagons may have been built or converted at works on another 
company's line. If the owner's place of business, either 
works or office, be accessible to, or by, two or more railway 
companies, it shall me permissible for either of the companies 
to register the wagons. 

The word **approved," where it occurs in this specification, 
means approved in writing by the railway company which 
registers the wagon. 

Two register plates are to be secured to the solebars of 
the wagons, one at each left-hand corner, and as nearly as 
possible 2ft. from the outside of the headstocks, and will, for 
new wagons, be of the following design : — 




For designs of register plates for re-construction and converted 

wagons, see pp. 10 and 11 hereof. 
Dimensions, 

1. No wagon to exceed 8ft. Gins, wide over all nor lo 
exceed in height loft. at the sides and iift. Gins, in the middle 
above the top of the rails. — (No wagon for tipping coal in the 
Bristol Channel ports must be of a greater width than 8ft. 
3ins.) 

The length of coal wagons not to exceed 16ft. Gins, over 
headstocks. Coke wagons may be made 17ft. Gins, over 
headstocks. 

The wheel base not to be less than 8ft. nor to exceed 9ft. 

The load not to exceed 8, 10, or 12 tons respectively, 
and the building of 8-ton wagons to be limited as much as 
possible. 
Tare. 

2. Maximum tares : — 



Doors. 



Single-spoke wheels with 

wrought iron centres. 

2} inch sheeting. 



Double-spoke wheels 

with cast iron centres, 

2i inch sheeting. 



Side only 

Side and bottom . . . 

Side and end 

Side, end, and bottom 



10 tons. 12 tons. 10 tons. 

T. cwis. T. cwts. T. cwis. 

5 18 ... 6 6 ... 61 

6 o ... 6 8 ... 63 
6 I ... 6 9 ...• 6 4 
6 3 ... 6 II ... 6 6 

Extra to the above the tares may be increased : — 
*For 3in. sheeting, 3 cwts. 

For coke rails, 4J cwts. 
*For 2jin. tyres, 3^ cwts. 

For English oak frames, 2 cwts. 
*For pitch pine sheeting, 2 cwts. 
For commode rod and steps, ^ €wt. t 
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*For hinged top planks, i cwt. 
For coke wagons of full length, 2 cwts. 

* Wagons fitted with any of the following, viz. : 3in. 
sheeting, 2^ins. tyres, pitch pine sheeting, hinged top 
planks, will not be accepted on the Barry R., the Port Talbot 
Railway and Docks, the Rhondda and Swansea Bay R., the 
Rhymney R., and the Taff Vale R. Companies* lines. 

The above-named tares are for wagons of the maximum 
dimensions given in the specification, and smaller wagons 
must be correspondingly reduced in tare. 



cross-bearers to be i2ins. by sins., and the longitudinals and 
diagonals to be not less than i2ins. by 3jins. The whole to 
be of approved form and dimensions. 
Doors. 

6. Horizontally hung side doors when down must clear 
rail level by S^ins. with the wagon unloaded, and vertically 
hung doors when open must not extend beyond 6ft. 6ins. 
from the centre of the wagon. 

The bottom doors of hopper wagons must, when down, 
and the wagon unloaded, clear the rail level by yins. 



/iai/rmy Cnginmer 




Fig. I. 

Standard Wagon vrilb Body and Wood 
Underframe. 

Private Owners' 8, lO and 1 2-Ton Wagons. 



Ilifir^lll 



Section C. C. 



Tank Wagons. 

3. Construction of tank wagons to be in accordance with 
specification and drawings specially provided applicable 
thereto. 

Body, 

4. The bodies of the wagons may be made of wood, iron 
or steel of approved quality, strength, form and dimensions. 
For wood bodies 2^in. or 3in. sheeting may be used. 

The side, end, and floor plates of iron or steel bodies to 
be of approved thickness and firmly secured with rivets. 

Commode rode and steps to be fixed when required. 
Underframe. 

5. The underframe to be made of good sound white oak, 
or other timber not less in strength and quality than white 
oak (except when preferred to be made of iron. or steel — see 
clause 22). The solebars to be i2ins. by 5ins. except where 
they are plated, in which case they may be i2ins. by 4^ins.; 
the plate to be of steel or iron ,*„ in. thick the full depth and 
'-ngth of solebar. The headstocks to be I2ins. by 5jins., the 



Quality of Wrought Iron or SteeJ. 

7. All mild steel or wrought ironwork in the body, and 
underframe, and all pertaining or attached thereto to be made 
to the specification attached. 

Draw-Gear. 

8. The draw-gear throughout to be made of the best cable 
iron, or mild weldable steel, of Government chain proof 
quality, and to be continuous and elastic, and of the dimen- 
sions shown on the standard drawings. The drawbar pins 
to be of steel of the same quality as the axles. The chains to 
be of ijin. diam., and to hang loosely in the drawbar; all 
links to be welded at the side; 2 per cent, of the chains to be 
tested, if required, and to withstand a breaking strain of 50 
tons. Pins and shackles not to be used. 

When couplings are worn below ijin. in thickness at the 
end they must be removed. 
Axle-guards. 

9. The axle-guards to be made of 3}ins. by f is. iron, and 
the wings to be 2jins. by 5»n.; the ^^ggpy^'klL^'* ^ridle^q^C 
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be 21ns. by Jin., or other approved dcsig^n. The bolt holes 
lo be oval, as shown on the drawing for wood underframes, 
and the bolts to have oval necks to suit them. The axlc- 
guards to be fastened to the wood underframe with |in. bolts 
and to iron or steel underframes with |in. rivets or l>olts. 
Bolts and Nuts. 

10. All bolts and nuts to be screwed to VVhitworth stan- 
dard thread, and, wherever possible, all nuts and cotters 
must be placed outside, so as to be easily seen if working off. 
Break, 

11. Each wagon to be fitted with a double block break, 
having a cast iron block applied to one wheel of each pair, 
and a lever guard with a pin and chain (which in its lowest 
position shall not hang lower than 6ins. above the running 
rail) or rack, for holding the lever down; also safety loops for 
preventing the break-work from falling. 

Buffers. 

\2. Laminated buffing springs arc to be used; the buffers 
to be iSins. in length from headstock to face, which is to be 



Axle Boxes. 

15. The axU*-boxes to be of good strong iron or steel 
(cast or pressed), and to have bronze or gun metal bearings 
well fitted in. The grease chamber to have a capacity of 
about 100 cubic inches, and the lid to be made of wrought or 
malleable cast iron well fitted, and with a spring upon it; a 
4in. bolt to go through the axle-box underneath the centre of 
the journal. The top of the axle-box to be so formed that 
the bearing spring will '* bed " into it 2ins. 

An efficient shield to be put in the back of the box to keep 
out dust. 

Each axle-box must have cast or stamped upon the front 
the size of the journal for which it is constructed. 

Other approved axle-boxes may be used for either grease 
or oil. 

12-ton wagons to be fitted with oil axle-boxes of approved 
pattern, but, if desired, 12-ton wagons used for tipping coal, 
etc. , may have grease axle-boxes. 



£ 



Fig. 2. — Standard Wagon with Steel Underframe and Wood Body ; Private Owners' 8, lo, and 1 2-Ton Wagons. 



J2ins. diameter; the centres to be 5ft. H^ins. apart and 3ft. 
5ins, high from top of rails with the wagon unloaded; the 
buffer guides to be not less than loins. in length. 
Buffiug Springs. 

13. The buffing springs to be made of 12 plates of 3ins. 
by Jin. steel, and to be tested at the maker's works by an 
inspector, strictly in accordance with the specification in 
clause 2j (vide appendix to this specification). The spring 
buckle must be made of forged iron or steel, or in accordance 
with the method shown in the accompanying drawing (10). 
Bearing Spririgs. 

14. For 8 and lo-ton wagons the bearing springs to be 
made of either 5 plates 4ins. by ^in. steel, or 9 plates 4ins. by 
Jin. steel; juid for 12-ton wagons either 5 plates 4ins. by ^in. 
steel or 10 plates 4ins. by Jin. steel; and they must have a 
wrought iron hoop 3ins. by Jin. with Jin. rivet in middle, or 
a flat rivet of equal strength may be used if preferred. They 
must be made of approved material to the standard drawings 
and be tested at the maker's works by an inspector, strictly 
in accordance with the specification in clause 2j {vide appen- 
d-ix to this specification). 

The bearing springs lo be secured in position by bolts 
and nuts, as shown in the standard drawings. 



Tyres. 

i(). The tyres to be of acid steel, either Open Hearth or 
Bessemer, and to be subjected to the tests set forth in the 
appendix to this specification. 

The tyres to be sins, wide and not less than 2ins. nor 
more than 2jins. thick on tread when finished, truly bored 
out, with not more than ,V '"• allowance for contraction, and 
secured to the wheels by one of the approved modes of fasten- 
ing shown on the standard drawings. Neither rivets nor 
bolts to be passed through or into the tyre. 
Axles. 

ly. The axles to be made of acid steel, either Open Hearth 
or Bessemer, or, if preferred, of wrought iron, and to be sub- 
jected to the tests set forth in the appendix to this specifica- 
tion. 
AxleSy 8 and lo-ton Wagons. 

18. For 8 and lo-ton wagons the axles to be 6ft. bins, in 
length from centre to centre of journals, si ins. diam. through 
the boss of the wheel, and gradually tapered to 4jins. in the 
middle. There must be no shoulder on the axle behind the 
boss. The journals to be 8ins. long by 3^ins. diam., and 
the whole strictly in accordance with the standard drawing. 

Axles are to be <li«<^»f^^gdtil^e'a-By'^^J'C3H[!?)^fe" ' 
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case of 8-ton waj^ons, worn down to ^Hins., and in the case of 
ID-ton wagons to 3iins. diam. 
Axles, i2'toti IVagons. 

19. For 12-ton wajjons the axles to be 6ft. 6ins. in ieng:th 
from centre to centre of journals, 5jins. diam. through the 
boss of the wheel, and gradually tapered to 4jins. in the 
middle. There must be no shoulder on the axle behind the 
boss. The journals to be gins, longf by 4Jins. diam., and 
the whole strictly in accordance with the standard drawing. 

Axles under 12-ton wagons must be discarded when the 
journals are reduced below 3|ins. diam. 
Wheels, 

20. For 8 and lo-ton wagons the body of the wheel to be 
made of wrought iron of good marked bar quality or of mild 
steel, with eight spokes, which may be either solid or open. 



be 7ins. through and loins. diam. for solid spokes, and 7ins. 
through and iiins. diam. for open spokes. The rim to be 
not less than i^ins. thick, soundly welded throughout and 
turned to 2ft. gins, diam., and in section equal in strength to 
the form shown on the standard drawings. The boss to be 
bored out and the wheel forced on to the axle by hydaiilic 
pressure of not less than 60 tons; no keys are to be used. If 
preferred the body of the wheel may be of cast or pressed 
steel to the design and dimensions on drawing No. 153. 
Stamping of Ironwork and Steelwork. 

21. All ironwork and steelwork as far as practicable to be 
stamped distinctly with the name or initials of the builder or 
owner. 

Iron or Steel Vnderjrames. 

22, The under frame, if preferred, may be made of steel i.r 
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Section A.B. 



Fig. 3.— Standard Wagon with End Door, Wood Body and Steel Underframe ; Private Owners* 8, lo, and 12-Ton Wagons. 



The bosses to be jins. through and gjins. diam. for solid 
spokes, and yins. through and lojins. diam. for open spokes. 
The rim or periphery to be not less than ijins. thick, soundly 
welded throughout, and turned exactly to 2ft. gins, diam., and 
in section equal in strength to the form shown on the standard 
drawings. The boss to be bored out, and the wheel forced 
on to the axle by hydraulic pressure of not less than 50 tons; 
no keys are to be used. 

Cast iron boss wheels having bosses i3ins. diam. will be 
accepted until 31st December, 1905; after that date no new 
wheels with cast iron bosses will be accepted. 

Cast iron bosses must not be used on wagons of over 10 
tons capacity. 

If preferred the body of the wheel may be of cast or 
pressed steel to the design and dimensions on drawing Xo. 6. 

For 12-ton wagons the body of the wheel to be made of 
wrought iron of good marked bar quality, or of mild steel with 
solid or open spokes and wrought iron boss. The bosses to 



iron of approved quality. 

The approved general design is shown on drawings dated 
December, 1904, and the details, where such are not common 
to both forms of underframe, fully illustrated in drawings 
numbered 2, 3, 4, 5, 13, and 15 respectively 

The dimensions of the principal members are as follows :— 
Headstocks and solebars ...Qin. by 3in. by gin. channel 
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The whole to be so prepared that the ends have a j^'^ood 
bearing upon the adjacent parts. 
Stocks of Materials, 

2T^, The stocks of materials for use under the specification 
of September, 1889, for 8 and lo-ton wajjons, now held by 
waggon builders and repairers, are allowed to be used up; 
but no material that docs not accord with this specification 
may be used after 31st December, 1904. 

Repairs and Re-construction. 

24. When any private owner's 8 or 10-ton wag^on is re- 
paired, such repairs must as far as possible be carried out 
in conformity with the standard specification under which 
they were built and to the satisfaction of the company's 
wagon superintendent; wagons built prior to 1887 are to be 



than 7ins. long by 3jins. diam., and for a lo-ton wagon not 
less than 8ins. long by 3ifins. diam. 

Wheels. — For 8-ton wagons, wheel sp)okes to be not less 
than 2|Jins. wide byjiin. thick; rims not less than 25ins. 
wide by fin. thick. 

For lo-ton wagons, wheel spokes must not be less than 
3iV 'ns. wide by f J in. thick; rims not less than 3}ins. wide by 
fin. thick. 

Tyres. — The tyres to be not less than 5ins. wide, and 
when turned up to be not less than ijin. thick. 

Tyres fastened on to the wheels with rivets or bolts to be 
allowed to run until the wheels require re-tyring, when they 
must be re-tyred in one of the ways shown on the drawings 
of the standard specification. 
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Standard Wagon with Steel Body and Underframc. 

Private Owners* 8, lo and i2.Ton Wagons. 



repaired under the 1887 specification, but when a dead- 
buffered wagon is so far worn as to require the following new 
members, viz., 

2 new solebars, or i new solebar and 3 cross members, 
the wagon must be reconstructed, the limit of time between 
the replacement of solebars or main members being one year. 

The wheels and ironwork may be used again provided they 
comply with the following conditions :• — 

Axles. — For wagons to carry a load of 8 tons to be not 
less than 5ins. diam. through the boss of wheel, 4ins. in the 
middle, and the journals not less than 7ins. long by 3yV>"S' 
diam. 

For lo-ton wagons to be not less than S^ins. diam. through 
the boss of wheel, 4jins. diam. in the middle, and journals 
not less than 8ins. long by 3 ^\ ins. diam. 

When an axle is in any part less in diam. than specified 
above it must be replaced by a new axle of the standard 
diameters for new wagons, but the length of the journals 
and the distance between centres of journals may be made to 
suit the width of the wagon to be reconstructed, provided 
that for a wagon to carry 8 tons the journals shall not be less 



Axleguards. — Crown to be not less than 3^^*"^. wide 
and }Jin. thick, wings 2yVi"s. wide and [Jin. thick, and to 
be fastened on to the wood solebar with Jin. bolts with oval 
necks. 

Axle Boxes. — When the measurement from the inner 
shoulder of the journal to the outer face of the wheel boss is 
not less than ijins. axle boxes must be fitted with dust 
shields, and the top of any new axle box must be so formed 
that the bearing spring will ** bed '* into it 2ins. 

Axle boxes may be made with open bottoms provided that 
they be furnished with well-fitted keeps or under caps, and with 
the safety bolts shown on the standard drawing. 

Bearing Springs.— All bearing springs to have the second 
plate from the top turned down lin. at the ends. Either 3in., 
3^in., or 4in. springs may be used again if in good condition 
and of full strength for the load to be carried. The four 
springs under each wagon to be uniform in all respects. The 
spring shoes to be fitted with safety bolts. 

Buffing and Draw-gear. — The standard specification 
buffing and draw-gear to be adopted for all re-constructed 
wagons. When the solebars of a wag'OTwafoJess than 6ft. lir 
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apart the corner knees may be let into the solebars, and such 
other modifications as are necessary may be made, particularly 
in the case of hopper or other specially-constructed wagons. 

Break Gear. — The wagon must be fitted with a double 
bloftk break with cast iron blocks. The old break gear may 
be used again if it is generally of good construction and in 
good condition. Safety loops shall be provided as shown on 
drawing (i) of the standard specification. 

Wheel Base. — The wheel base of re-constructed wagons 
to be not less than 7ft. 6ins. 

Inspection. — Every re-constructed wagon to be inspected 



spring buffers of one of the patterns shown on drawing So. 
161, or of any other pattern approved by the railway com- 
panies, may be put on dead-buffered wagons of a carrying 
capacity of not less than 8 tons, provided that such wagons 
have, or be at the same time fitted with, a continuous draw- 
bar, with a cradle equal in strength to that specified for in 
the drawings accompanying the standard specification for new 
wagons, the drawbars to be not less than ifin. diam. at any 
point. The wheel base of converted wagons must be not less 
than 7ft. 6ins., and no more main members of the under- 
frame must be renewed than are permitted by the regulation 
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Fig. 5. — Standard Wagon with End Door, Steel Body and Underframe ; Private Owners' 8, lo and 12-Ton Wagons. 



and passed before being allowed to go into traffic, and a 

register plate of the following design to be affixed to each 

side thereof : — 

The plate so affixed will pass the wagon to work over the 

company's or any other line of railway, except as shown in 

clause 2 hereof, without 
further registration. 
New Tyres for Old Wheels. 

25. In all cases where 
new tyres are required for 
old wheels the tyres must be 
fastened in accordance with 
the method set out in clause 
16. 
Dead-buffered Wagons. 

26. ** Dead - buffered 
wagons " means wagons 

with dead buffers at one or both ends. 

On and after the ist day of January, 191 4, no wagons will 
be allowed upon the railways in Great Britain which are not 
fitted with spring buffers of approved type. Self-contained 




for the re-construction of private owners' wagons. New 
headstocks are not to be counted in such renewals if the 
wagon is fitted with all of the following : — 
Double cast-iron break blocks. 
5jin. wheel seats for lo-ton wagons and sin. wheel 

seats for 8-ton wagons, 
i^in. three-link welded couplings. 
Springs up to standard specification. 
Bolts through spring shoes. 
Cast or wrought iron or steel buffer cases. 
When a wagon is sent to a repairing dep6t for structural 
repairs, or for the conversion of dead buffers to spring buffers, 
Jin. bolts must be fitted through the spring shoes when this 
is practicable without alteration of the springs. 

Shackle and pin couplings are to be discarded as from 
the 31st December, 1905, and replaced by three-link draw- 
chains of the dimensions given in the standard specification 
for new wagons. 
Inspection. 

Every dead-buffered wagon converted to spring buffer^ lo 
be inspected and passed before being allowed to go into 
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tniffic, and a rcf^^istrr plate of the fol- 
lowing^ design to be aflixcd to each side 
thereof : — 

The plate so affixed will pass the 
wagon to work over the company's or 
any other line of railway without 
further regfistration. 
Appendix to Foregoing Specification, 
Examination and Tests of Bearing and Buffing 

Springs. 
27, The bearing and buffing springs must be of the best 
workmanship, and well tempered; the inspector will examine 
the springs as manufactured, and shall reject any he may 
consider defective in material or workmanship, or that do 
not stand the following tests : — 

(a) Each bearing spring to be brought back under the 
scrag until the plates are within ijins. of being straight for 
springs with Jin. plates, and within 2iins. of being straight 
for springs with fin. plates, and then to resume its original 
cambre; the back plate, when detached from the rest of the 
spring after scragging, to stand up within 5 per cent, of the 
specified cambre for the finished spring. 

(b) Each buffing spring to be brought back under the 
scrag quite straight, and then to resume its original cambre; 
the back plate, when detached from the rest of the spring 
after scragging, to stand up to within 5 per cent, of the 
specified cambre for the finished spring. 

{c) Each spring to be scragged through the buckle, and 
the inspector to be allowed an opportunity of examining the 
parts before the buckle is put on. For bearing springs 
nothing below, or Jin. above, specified cambre will be allowed. 
For buffing springs nothing below, or fin. above, specified 
cambre will be allowed. 

(d) The hoops to be made of good fibrous bar iron of such 
quality as to have an ultimate tensile strength of not less than 
22 tons or more than 24 tons per square inch, with an elonga- 
tion of not less than 22 per cent, measured over a parallel 
length of Sins., and to admit of bending when cold without 
cracking as follows : — 

fin. thick through an angle of 22 degrees. 

»^^* >» »> »» 27 n 

Finished hoops will be selected by the inspector at the 
rate of i per cent, for testing to destruction in the following 
manner : — 

Taper blocks to be forced through the cold hoop, straining 
the metal both in sides and ends. Should the hoop selected 
part at the weld, or break in an unsatisfactory manner, other 
hoops up to 5 per cent, shall be taken, and the bulk repre- 
sented passed for use if the fractures are to the inspector's 
satisfaction. 

{e) All springs made to the same drawing to carry uni- 
form loads with the same deflection. 

Testing of Steel Tyres and Axles. 
28. (a) The maker shall provide, at his own expense, one 
additional tyre and one additional axle in every fifty, to oe 
selected from the bulk by the inspector, for testing in the 
manner described below. In the case of a less number than 
15 axles being ordered or made from one cast, an end to be 
left on one axle from each ingot, of the same diameter as the 
forged end, to enable the inspector to stamp one, from which 



test pieces may be cut for the tensile test and cold bend test 
as specified. The tyres, axles, or ends so tested shall be 
given up to the buyer if required. 

(b) The tyres and axles tested to be held to represent cor- 
rectly the quality of the lots from which they are taken. 

(c) Each tyre and axle to be stamped, while hot, with 
the day, month and year when made 

(d) The maker's name and also blow or cast number to 
be well stamped upon each axle, and on the outer edge of 
each tyre. 

29. (a) No tyre to have a diameter of less than 3ft. lin. on 
the tread, and each to be guaranteed to stand the following 
tests without re-heating or any other manipulation whatever, 
either of the tyre selected for testing or of any portion cut 
therefrom to furnish the tensile test piece. 

(b) Falling Weight Test. — The tyre placed in running 
position on a solid foundation and subjected to repeated 
blows of a 2,240 lbs. tup, falling from a height of loft., 15ft., 
2oft., 25ft., and upwards, must deflect without fracture lin. 
for every Sins, of the internal diameter — the blows to be con- 
tinued until the tyre is doubled up or broken, or, at the option 
of the inspecting engineer, the tyres may be compressed by 
hydraulic pressure to the same figures. 

(c) Tensile Test. — A test piece i sq. in. area, machined 
cold from each tyre in the ix)sition shown in the marginal 
sketch, and which has been subjected to the falling weight 
test, must have an ultimate tensile strength and elongation 

as follows : — 

Ultimate tensile Minimum elongation 

strength in tons per measured over parallel 

square inch. length of 3 inches. 

Class A 35 to 40 25 % to 20 *^ 

Class B 42 to 48 18 % to 14 % 

(d) In the event of the representative tyre not satisfying 
the foregoing requirements, the inspector is to be permitted 
to make further tests of tyres, also provided by the contractor 
at his own expense, before finally refusing or accepting the 
tyres represented. 

Should the tyre fail in the falling weight or compression 
test, two more tyres may be taken from the same cast for 
testing. 

Should the tyre fail in the tensile test, and the fractured 
test piece indicate that the result does not fairly represent the 
bulk of the tyres, a second tensile test piece will be taken from 
the same tyre together with a third test piece, to be prepared 
from another tyre (selected by the inspector), which shall 
have endured the falling weight test. The tyres will be 
accepted if two of the three test results are satisfactory. 
Tyres which fail to pass the tests under Class B may be re- 
submitted under Class A. 

All tyres rejected for failure in test shall be destroyed in 
the presence of the inspector. 

Ringing Test. — When specially required each tyre to be 
raised to a height of 5ft. and allowed to drop freely upon a 
rail fastened to an iron block of not less than 2 tons weight, 
and afterwards to be turned round through an angle of 90 
degrees and dropped a second time through the same height. 

Each axle to be guaranteed to stand the following tests : — 

(g) Falling Weight Test. — Five blows without fracture 
from a weight of 2,240 lbs. falling from a height of 20ft. 
upon the axle for lo-ton wagon axles, or 21ft. for 12-ton 
wagon axles, placed upon bearings 3ft. 6ins. apart*. The 
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axle to be turned after each blow. After being: tested the 
axle to be broken. 

(h) Tensile Test.— A test piece of i sq. in. area cut from 
any part of the axle tested, or from the ends left on the 
forg-ing-s, to give an ultimate streng"th of not less than 35 tons 
nor more than 40 tons per sq. in., with an elongation 
measured over a parallel length of 3ins. of 25 per cent, for 35 
tons and 20 per cent, for 40 tons, the intermediate elongation 
being in proportion. 

(t) Cold Bend Test. — A bar Qins. long and ijins. sq., 
jV>n. radius at the corners, to be bent through 90 degrees 
round a bar 2^ins. diam. and the ends brought together 
without fracture. This test will be taken only when a less 
number than 15 ^ixles are ordered and the falling weight test 
(g) has not bc-^n carried out. 

(;) In the event of the representative axle not satisfying 
the foregoing requirements, the inspector is to be permitted 
^O make further tests of axles, also provided by the con- 
tractor at his own expense, before finally refusing or accept- 
ing the axles represented. 

Should the axle fail in the falling u eight test, two more 
axles will be taken from the same cast for testing. 

Should the axle fail in the tensile or bend test and the 
fractured test piece indicate that the result does not fairly 
represent the bulk of the axles, a second test piece will be 
taken from the same axle together with a test piece to be pre- 
pared from another axle, selected, by the inspector, which 
shall have endured the falling weight test. The axles re- 
presented will be accepted if two of the three test results are 
satisfactory. 

All axles rejected for failure in test shall be destroyed in 
the presence of the inspector. 

Testi.ig of Wrought-Iron Axles. 

30. {a) Falling Weight Test. — Five blows without frac- 
ture from a weight of 2,240 lbs. falling from a height of 18ft. 
u|K)n the axle for lo-ton wagon axles, or 20ft. for 12-ton 
wagon axles, placed upon bearings 3ft. 6ins. apart. The 
axle to be turned after each blow. After being tested the 
axle to be broken. 

(h) Tensile Test. — A test piece of ^ sq. in. area cut from 
any part of the axle tested, or from the ends left on the 
forgings, to give an ultimate strength of not less than 22 
tons per sq. in., with 25 per cent, elongation measured over 
a parallel length of 3ins. 

(c) Cold Bend Test. — A bar gins, long and ijins. sq., 
jg in. radius at the corners, to be bent through 90 degrees 
round a bar 2^ins. diam., and the ends brought together 
without fracture. This test will be taken only when a less 
number than 15 axles are ordered and the falling weight test 
(a) has not been carried out 

(d) In the event of the representative axle not satisfying 
the foregoing requirements, the inspector is to be permitted 
to make further tests of axles, also provided by the con- 
tractor at his own expense, before finally refusing or accept- 
ing the axles represented. 

Should the axle fail in the falling weight test two more 
axles will be taken from the same lot for testing. 

Should the axle fail in the tensile or bend test and the 
fractured test piece indicate that the result does not fairly re- 
present the bulk of the axles, a second test piece will be 



taken from the same axle together with a test piece to be 
prepared from another axle selected by the inspector, whirh 
shall have endured the falling weight test. The axles re- 
presented will be accepted if two of the three test results are 
satisfactory. 

All axles rejected for failure in test shall be destroyed in the 
presence of the inspector. 
Specification for Iron and Steel Plates and Bars, 
I. All iron plates and bars to be of such quality as to 
have an ultimate tensile strength of — 

Tons per Elongation 
square inch. in Sins. 

Round and square bars, and flat 

bars less than 6ins. wide ... 22 to 24 22% 

Angle, Tee, Channel and H bars, ^^ 

and flat bars over 6ins. wide... 22 „ 24 14%; 

Plates with the fibre 22 „ 24 12 

Plates across the fibre ... .. 18 „ 20 5 

All bars to be bent both when hot and when cold through 
90 degrees round a bar 2^ ins. diam., and the ends broug^ht 
together without fracture. 

Plates when hot to admit of bending round a radius equal 
to their thickness through an angle of 125 degrees with tlie 
grain and 100 degrees across the grain, and when cold as 
follows : — 

Thickness in inches. Plates to bend through an angle of 
I and ] J ... 15* with the grain 5'^ across the gram. 
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2. The steel plates and bars to be of the quality of material 
generally known as mild steel. The manufacturer to supply 
full analysis when required to do so. The ultimate tensile 
strain that the material will stand to be not less than 25 or 
more than 30 tons per sq. in., with an elongation of not less 
than 22 per cent, in Sins, when the thickness of the sample is 
more than j\ in., and at least 20 per cent, when the thickness 
is /j in. or less. 

Strips i^ins. wide when cold, heated uniformly to a low 
cherry red and cooled in water of a temperature of about So 
degrees Fahr., to stand bending in a press to a curve, the 
inner radius of which is equal to the thickness of the plate. 

3. All plates and bars to be clean rolled truly to a uniform 
thickness and to be perfectly free from defects. 

4. The inspector to have free access to the manufac- 
turer's works at all reasonable times during the course of 
manufacture, and to be at liberty to inspect any of the plates 
and bars, whether finished or in course of manufacture, and 
to carry out the above tests, or any other bending or driftinir 
tests he may consider necessary. He shall be at liberty to 
select samples at the rate of 2 per cent, from each batch of 
finished plates or bars, or he may attend at the works at the 
time of rolling and test the crop ends. 

Further drawings showing the details of these wagons 
will be published in a future issue. 
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Wooden Sleepers.—I. 

Intkodictiox. 

CovsiDERixo the enormous quantity of sleepers used in the 
permanent way of the railways of the world, the number and 
the magnitude of the dep6ts where sleepers are made and pre- 
pared, and the importance of the question in the economy of 
railway construction and maintenance, it seems remarkable 
that no serious attempt has yet been made to collect such 
information as is available and to place it in lx)ok form for the 
easy reference of the railway engineer. Many books have 
been written on far less important matters, but the engfineer 
of permanent way has to collect his information from a multi- 
tude of sources, from elementary works on j^^eneral civil 
enjjineering:, where the matter is dealt with summarily in one 
or two chapters, from books on the permanent way of rail- 
ways, where the subject is considered in perhaps only one 
chapter, from periodical journals where the question is 
referred to g^enerally as a mere detail or appanag^e of the main 
subject of railway track, or from papers read before Institu- 
tions or Societies of Engfineers, in which the subject of the 
sleepering of railways is incidentally referred to, but which 
no engineer appears to have considered of sufficient import- 
ance to warrant the preparation of a paper solely and inde- 
pendently to deal with, except one or two papers of a general 
character read to American societies. The records and litera- 
ture on the subject may possibly be correctly described as 
voluminous, but no separate treatise appears to have been 
published on the question. 

Timf>er is ever becoming scarcer and more expensive, and 
at the same time is being adopted for many purposes where it 
has not been used before. Forests are not being replenished 
as they are cut down, and as population increases and trade 
expands the available supply will even through these causes 
consequently decrease. The greater facility given by rail- 
ways for the transit of timber from the forests may tend to 
cheapen the production of sleepers, but the distance through 
which the timber has to be brought is always increasing also. 

The first railways that were built in some localities ran 
through unlimited quantities of good timber, and the value 
of the timber in these cases was almost entirely nominal, since 
it had to be removed in any case, and as there probably were 
no roads other than the railway, and the country was not yet 
settled on, there was possibly no other outlet for the dis- 
posal of the wood that must be cut down. In this condition 
of affairs of course no one thought of preserving the timber 
by any course of antiseptic treatment, since the whole opera- 
tion would have been absurdly expensive, and the timber 
would have had to be taken to and brought back from the 
pickling dep6t, it not being practicable to take the depot to 
the timber. The wood under these conditions was cut and 
shaped and laid down for the sleepers of the railway without 
any preparation whatever. 

This, however, did not continue long. The sleepers so 
laid did not last more than two or three years, especially in 
bad climates, and each of them had to be replaced by sleepers 
hauled by wagon from a distance, the cost, of course, in- 
creasing at once with the greater labour involved. 

The question of the preservation of the wood so that it 
would last longer than in an unpreserved condition now 
became pressing, and the various methods of preservation 
were at once di.scussed and tried by engineers. Inferior and 



cheaper qualities of wood were used in some cases, but as 
these sleepers were much more easily abraded and injured and 
liable to decay, the question of artificial preservation became 
of even greater importance. 

It is said that the forests in America are depleted to the 
extent of 1,800 square miles of timber annually for railway 
sleepers alone, and this does not include the large amount of 
wood used for piles and timbers of bridges and stations. In 
America alone the annual consumption is nearly 100,000,000 
of sleepers for renewals and for new work. 

This will give some idea of the importance of the subject 
of the conservation of forests to the governments of various 
countries, a consideration important for the benefit of pos- 
terity even if not imperative for the advantage of the present 
population of those lands. 

The present and future supply of wood for sleepers must 
be carefully considered by any railway company before it 
lays down any extensive plant for the creosoting or other 
preservation of timber. In some countries the purchase of 
large tracks of forest has to be undertaken, and these must 
be large enough to yield an efficient annual supply for at least 
so long a time or number of years that the expenditure on the 
creosoting may be justified. In other conditions contracts 
may be entered into in which the same conditions of supply 
will have to be considered. 

The initial desideratum in railway sleepers is that the 
** first cost " shall not be too great for the economical allo- 
cation of the capital to be expended on the line, and that the 
renewal of the sleepers, which must inevitably occur every 
ten to twenty years, must not be too expensive an operation. 
It is very poor economy to use sleepers of a wood that is only 
cheap and has not the other necessary qualities. The cost of 
laying down the sleepers is the same in any case, but some 
cheap woods give indifferent service and also require more 
frequent attention. In this case of course the cost of main- 
tenance and renewals costs much more and the disturbance 
to the traffic is increased, it being more diflicult to preserve a 
good running road. In this consideration of first cost it will 
be seen that a sleeper that has to be brought a long distance 
at great cost is out of the question, and the same diflficulty 
will occur if the preparation of the material involves too great 
an expense. 

Xot only is this to be taken into account, but the ease of 
laying and the rapidity with which the material can be 
handled forms an important item also. A sleeper difficult to 
handle, or which necessitates the employment of a large gang, 
and which can only be placed in position for doing its work 
very slowly, is out of the question. 

A satisfactory sleeper must at the same time be of such a 
description that the maintenance after it is laid shall be as 
easy as possible. It must be of such a pattern that it can be 
rapidly adjusted and packed to its true position by a small 
gang of men working with ordinary tools, and it must not be 
of such a size, weight, or shape that it will readily change its 
position under quickly moving loads. 

It is imperative that the sleeper shall be of such a descrip- 
tion that it shall conduce to good and easy ** running,** it 
should be able to quickly absorb and annul the vibration of 
the engines and other vehicles, and it should not be of such a 
nature that it will pound or wear down the ballast in which 
it is placed and so destroy the effectiveness of the ballasting 

material and transform it into clouds of dust. /-\r^r-% ■ /> 
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A ijood sleeper must not feel too j^reatly the influence of 
climate upon it. If it is placed in dry surroundings it must 
not be liable to too easy destruction by rot, cracks, or insects; 
and if it is placed in a wet country it must not be liable to 
succumb to decay, warping, shakes, or other of the too 
common defects. 

Fiiyilly, it should not be too easily destroyed in the case 
of accidents, and it must possess f^eneral ** handiness " if it 
is required to put it to any temporary use, such as for trest- 
lingf, for fencings, and in some cases even for temporary build- 
ingfs. 

Of course it does not necessarily follow that because 
sleepers are carried long distances that they cannot be econo- 
mically used; indeed, as a matter of fact most of the sleepers 
used in Great Britain are brought from very distant ports, 
even so far away as Australia, America, and the Colonies. 
But such material must be delivered at compartively a cheap 
rate and in good condition upon arrival. The carriage of 
sleepers in many countries does, however, matter consider- 
ably, especially for the construction of new lines, and in such 
cases it may be economically far more preferable to adopt 
local timber, even of an inferior class, than to use material 
that has to be brought a long distance and conveyed overland 
at great cost and with much trouble. 
Varieties and Description of Woods i^sed for Sleepers. 

Many descriptions of wood are used for railway sleepers. 
Soft woods are adopted in several of the northern countries 
of Europe, the pine» the fir, and other conifers; but where 
such is more economical oak, beech, and other hardwoods 
are extensively used. Baltic pine (Pinus sylvestris) is the 
wood generally used in Great Britain, and it has also been 
sent out to some of the lines in South Africa. The names 
** pine ** and ** fir " are sometimes used indiscriminately, but 
correctly speaking they are of very different kinds of wood. 
Both are of the same order, Coniferae, and sub-order 
Abietineae, but fir is of the genus Abies, whilst pine is of the 
genus Pinus. 

The genus Pinus includes both the Scotch pine and the 
cluster pine. The Scotch pine (Pinus sylvestris) is known as 
** redwood,*' and also is designated with the name of the 
locality from which it is shipped, as Riga, Dantzig, Baltic, 
or as Swedish, etc. It is a tree that flourishes exceedingly 
well in cold countries and provides a much firmer and stronger 
wood when grown in these latitudes than its allied species do 
when grown in warmer climates. 

Of much the same species are the Corsican pine, otherwise 
known as Pinus Laricio, or Calabrian pine. The Austrian 
Baltic pine, variation Austriaca of the Pinus Laricio, and the 
Pinus Halepensis, or Aleppo pine, are also allied. An entirely 
different variety is the Pinus Australis or pitch pine, a resin- 
ous wood much used for ship building. 

The cluster pine (Pinus Pinaster) grows well on the sandy 
soil of Central Europe, and is known under its other names 
of maritime pine, star pine, and Landes pine. Before this 
wood is used for constructional work the resin is removed for 
the making of turpentine, but when it is used for railway 
sleepers it is not quite decided whether the resin should be 
removed or not. 

The genus Abies provides the firs, perhaps the most well- 
known being the silver fir (Abies pectinata). The spruces 
(genus Picea) are very like the firs, and the hemlock (genus 
Tsuga) much resembles them. 



Railway sleepers are also made from the Norway spruce 
(Picea excelsa) and the common larch (Larix Europa*a), 

Oak (Quercus) is generally used where special sleepers are 
required for extraordinary purposes. 

The two well-known Australian woods, Jarrah and Karri, 
have been used to some extent as railway sleepers, and should 
be very successful if their use as paving for streets is any 
criterion. Their great comparative weight must be in their 
favour, for the *' easy running '* of the railway and also in 
the sense of stability. 

The Quebracho Colorado grown in the Argentine Repub- 
lic is very well spoken of as being superior to many other 
woods used for sleepers. It is said to be worked almost as 
easily as the ordinary European woods, but yet to possess 
the weight qualification so necessary for this purpose. The 
density is given as 1*39 for this wood to I'oi for oak and 0*50 
for fir, and its weight as 8olbs. to tlw* 40 to 6olbs. of oak and 
the 30 to 35lbs. of fir. Its tensile and compressive strength 
is also said to exceed that of the other two woods. 

Teak is used in Holland, eucalyptus in New South Wales 
and South Africa, and in Belgium oak sleepers are in general 
use. 

Most of the difl^erent kinds of woods named arc creosoted 
or pickled in one way or other except the heart of oak. Beech 
(Fagus) is sometimes pickled with chloride of zinc, but is not 
generally creosoted. Pine and fir are nearly always pickled 
with creosote, and if not with this, cupric sulphate or zinc 
chloride are used. In some cases an emulsion, generally con- 
sisting of a mixture of creosote and an aqueous solution of 
a salt, is used with success. 

Creosoted pine from Europe is used on the Indian rail- 
ways as well as indigenous woods, such as deodar, teak, and 
sal. In that country the white ants will speedily make away 
with European woods, but they will not attack either pyingado 
or teak. The average life of the deodar may be taken to be 
12 to 15 years, or from this up to 25 years in exceptional 
cases. 

The question of carriage has an important bearing on the 
economic choice of the wood. In many cases it is cheaper 
to bring the sleepers from Europe if they have not to be taken 
far up into the country than it is to carry native woods a long 
distance by manual labour, perhaps hundreds of miles from 
the hills where the trees are cut down. Pyingado comes 
from Burmah, but seems to last longer in its own country 
than in the hotter and drier plains of India. The question 
of ballast has an important bearing on the use of deodar in 
India; with sand as ballast the life is not more than 8 years. 

More than one half of the sleepers used in the United 
States of America are of oak, but pine sleepers amount to 
one quarter of the whole, and the remainder are made up of 
cedar, chestnut, hemlock, tamarack, cypress, redwood, and 
other woods. 

White oak is very durable and not liable to rot, its average 
life being from 8 years in the Southern states to 12 y^^rs in 
the North. It is excellent for wear, and fails usually rather 
by decay than by mechanical means. The part embedded in 
the ballast is the first to be affected by decay. 

Burr or rock oak and chestnut oak are not quite so good 
as the white oak and have a shorter life of about 6 to 10 
years, whilst black, red and yellow oak arc nothing like .so 
good and have a yet shorter existence undee traj 
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4 to 5 years. Water oak is still more inferior, and will only 
last about 4 years. 

Yellow and white pine are much better for railway sleepers 
than the other varieties, and although they may be classified 
as soft timbers, still they are slow to decay, and their life 
may be taken as 6 to lo years, according to the trallic upon 
them. Southern pitch pine will last from 5 to 7 years, and 
both this and the short leaf yellow pine are not so good as 
the previous descriptions, the short leaf yellow pine lasting 
about 4 to 5 years. The wood is not so hard as the Baltic 
fir used in European countries, probably on account of the 
timber being grown in a warmer climate. 

For some purposes in bridge work yellow pine is prefer- 
able even to oak, as it does not warp and twist to anything 
like the same amount. Spruce pine is also used for wooden 
sleepers to some extent, is more durable than certain varieties 
of oak, and is better for holding the spikes that fasten down 
the rails. 

White chestnut is nearly equal to oak in wear, and is even 
better as regards freedom from decay; but under heavy traffic 
the timber cuts badly. The decay * in this timber when it 
occurs is generally above the ballast and not underneath it, as 
in the case of oak. The tendency to split is, however, notice- 
able in this wood, and makes it less desirable to use. 

Red and white cedar are good timbenn for sleepers, and 
last from 9 to 15 years, but this timber will cut under the rails 
as in the case of chestnut. Neither chestnut or cedar hold 
the spikes .so well as other timbers. 

Hemlock is not so good as the previously named woods, 
and has a life only of 4 to 8 years, but the first cost in many 
localities is small, and for this reason only is the wood 
adopted for use in the first construction of railways. It soon 
becomes soft under the traffic and the spikes wear loose. 

Spruce is much the same as the above, with a life of 5 to 
9 years. Tamarack of hackmatack (otherwise known as 
larch) is of frequent use and has a life of 5 or 10 years. 

There is an abundant supply of black and red cypress in 
the Southern states, and the wood is durable, although it is 
soft and requires distributing plates between it and the rails 
above. 

Redwood is soft and cuts badly under the rails, but yet it 
is very durable if the weight is effectively distributed upon it. 
Black redwood is a fine timber, but is only used in the Pacific 
states. 

Black and honey locust and black walnut and catalpa 
woods arc good, but these varieties are not very easily ob- 
tained. 

Beech is a fine hard wood, but will quickly rot unless it is 
treated with an antiseptic before it is laid down. Him and 
cherry are of the same nature, but cherry is found to split 
easily. 

Maple, hickory, ash, birch, butternut and white bc*ech are 
not durable and are little used, as is the case also with sas- 
safras, mesquil, and mulberry. 

(To be continued. J 



Railways and the Board of Trade.— VI. 

(Concluded from page 211), 
Continuous Brakes. 
The Board of Trade, in accordance with the Railway Returns 

Nos. I., II., III., IV. and \. appealed in The Railway Engineer for 
January, February, March, May, and July, 1905, respectively. 



(Continuous Brakes) Act of 1878, are supplied with returns as to 
the mileage run and number of failures of continuous brakes. 

The details include : — 
Number of engines belonging to the railway. 
Number of vehicles belonging to the railway. 
Percentage of total stock complying with the requirements of the 

Board of Trade. 
Engines fitted with brake. 

Engines fitted with apparatus for working the brake. 
Carriages, &c., fitted with brake. 
Carriages, &:r., fitted with pipes. 
Mileage run by trains fitted. 
Proportion of vehicles fitted with brakes. 
Proportion of mileage run by trains fitted. 
Details of all failures or partial failures to act in case of 

accident or imminent collision. 
Details of all failures or partial failures to act under ordinary 

circumstances. 
Number of miles run by trains with each description of brake. 

The particulars of the so-called failures are a farce. They 
appear in the " blue books " as given to the companies by 
the drivers, and thus for example we have the Board of Trade 
seriously recording burst vacuum hose-pipes as brake failures. 
Workmen's Trains. 

The Board of Trade come into contact with railways in con- 
nection with workmen's cheap trains. It acquired this power 
under the Cheap Trains Act, 1 883, which says : — 

If at any time the Board of Trade have reason to believe (a) 
that upon any railway or part of a railway, or upon any line ©r 
system of railways, whether belonging to one company or two or 
more companies which form a continuous means of communica- 
tion, a due and sufficient proportion of the accommodation pro- 
vided by such company or companies is not provided for passen- 
gers at fares not exceeding a rate of one penny per mile, or (b) that 
upon any railway carrying passengers proper and suflficient work- 
men's trains are not provided for workmen going to and returning 
from their work, at such fares and times between six o'clock in 
the evening and eight o'clock in the morning, as appear to the 
Board of Trade to be reasonable, then, and in either case, ihe 
Board of Trade may make such enquiry as they think necessary, 
or may, if required by the company, or any of the companies 
concerned, refer the matter for decision to the Railway Commis- 
sioners, who shall have power therein as if it had been referred to 
their decision in pursuance of the Regulation of Railways Acts, 

1873. 

From the passing of the Act of 1883 to 1903 there had been 49 

applications addressed to the Board of Trade as to workmen's 
cheap train. Most of these were since 1895. Late in the 
Session of 1903 a select committee was appointed to consider 
this question. They were re-appointed in 1904, and as their 
labours have not yet been completed they have asked to be re- 
appointed in 1905. 

Further action as regards this matter is therefore likely. 
Hours of Labour. 

Tne next subject w^herein the Board of Trade touch railways 
has reference to hours of labour. There are two Acts of Parlia- 
ment which refer to this matter. 

The first is the Act of 1889 relating to the Regulation of 
Railways. It states : — 

" Every railway company shall make to the Board of Trade 
periodical returns as to the persons in the employment of the 
company whose duty involves the safety of trains or passengers, 
and who are employed for more than such number of hours at a 
lime as may be irom time to time named by the Board of Trade. 

" The returns shaU be delivered at such intervals and s'.iall be in 
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such form and contain such particulars as the Board of Trade 
from time to time direct." 

Returns were asked for by the Board of Trade for the months 
of December, 1901, and December, 1902, of the members of 
certain classes of servants whose hours had exceeded 1 2 hours per 
day during that month, and who, after such hours of duty, had 
resumed work after an interval of rest of nine hours. A similar 
return was a^ked for for October, 1903, which is a fairer month 
than December, when there is necessarily a large amount of over- 
time due to the Christmas traffic. 

The second and more important piece of legislation was the 
Act of 1893. It states : — 

1. If it is represented to the Board of Trade by or on behalf 
of the servants or any class of the servants of a railway company 
that the hours of labour of those servahts, or of that class, or in any 
special case, of any particular servants engaged in \*orking the 
traffic on any part of the Hnes of the company, are excessive cr 
do not provide sufficient intervals of uninterrupted lest between 
the per.ods of duty or sufficient rehef in respect of Sunday duty, 
the Board of Trade shall enquire into the representation. 

2. If it appears to the Board of Trade, either on such repre- 
sentation or otherwise, that there is, in the case of any railway 
company, reasonable ground of complaint with respect to any of 
the matters aforesaid, the Board of Trade shall order the company 
to submit to them within a period specified by the Board such 
a schedule of time for the duty of the servants, or of any class of 
the servants, of the company, as will, in the opinion of the Board, 
bring the actual hours of work within reasonable limits, regard 
being had to all the circumstances of the traffic and to the nature 
of the work. 

3. If a railway company fail to comply with any such order, 
or to enforce the provisions of any schedule submitted to the 
Board in pursuance of any such order and approved by the 
Board, the Board may refer the matter to the Railway and Canal 
Commission, and thereupon the Railway and Canal Commission 
shall have jurisdiction in the matter, and the Board may appear in 
support of the reference and the commissioners may make an 
order requiring the railway company to submit to the commission, 
within a period specified by the commission, such a schedule as 
will, in the opinion of the commission, bring the actual hours of 
work within reasonable limits. 

4. If a railway company fail to comply with any order made 
by the Railway and Canal Commission in pursuar ceof this section 
or to enforce the provisions of any schedule submitted to the 
Railway and Carial Commission in pursuance of any such order 
and approved by that commission, the company shall be liable to 
a fine not exceeding ;;^ioo for every day during which the default 
continues. 

5. The Railway and Canal Traffic Act, i888, shall apply in ' 
the case of any jurisdiction exercised or any order made by the 
Railway and Canal Commission under this Act as if it were exer- 
cised or made under or for the purposes of that Act ; provided 
that notwithstanding anything in Section 5 of that Act the juris- 
diction of the commission for the purposes of this Act may be 
exercised by the two appointed commissioners. 

6. The Board of Trade and the Railway and Canal Com- 
mission respectively may, from time to time, rescind or vary any 
order made bythemunderthis section, and make such supplemental 
orders as the circumstances of the case may appear to require. 

7. This Act shall not apply to any servant of a railway com- 
pany who is in the opinion of the Board of Trade wholly 
employed in clerical work or in the company's workshops. 

The Board of Trade were careful when making enquiries as 
to a complaint not to ask for information as to a particular place 
or the complainant might be identified. They asked for informa- 
tion as to a certain section of the line or certain stations. 

The questions were numerous. For instance, if a signalman 
complained, information would be required as to the number of 
trains passing during the 24 hours, how many lines of way he had 
to attend to, what shunting was done, were any telegrams or tele- 



phone messages to be dealt with, and if he attended to level 
crossing gates what amount of vehicular traffic there was. 

During the year ending July 27 th, i904,there were 1 1 cases dealt 
with, in 5 of which the Board of Trade state that the facts dis- 
closed did not appear to show sufficient grounds for further 
action. 

'J hat there was need for legislative action is shown by the fact 
that in the 7^ years ending June, 1896, there 59 cases where the 
inspecting officers in their reports on railway accidents referred 
to long hours worked by some of the men concerned in those 
accidents. 

That the Act has done good is proved by the last annual 

return, which is as follows : — 

Complaints to July 27TH. 

00 00 o» cS o» o^ o^ 



Class of Servant 
affected. 
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Signalmen 24 60 

Drivers and Firemen... 14 22 

7 25 

6 12 

I 2 

4 2 

I — 
I 



Staff ai Slaiions 
Guards and Brakesmen 

Shunters 

Wacjon Examiners ... 
Gaiekeepers .. 

Platelayers 

Other Grades 



.33 

12 

20 

14 

9 

5 

3 

1 
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5 
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II 

38 



13 

9 
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2 
I 
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•5 

o 

228 
126 
1x7 

16 
14 

2 
14 



Total ... 72 156 97 76 50 46 41 19 >23 28 11 7^9 

And it must be remembered that the number of servants whos<i 
hours are dealt with upon any representation is often considerably 
larger than the number of servants referred to in the original 
complaint. 

Accidents to Railway Servants. 

All accidents to railway servants are now fully investigated. 

In 1894 two qualified railway servants were appointed sub- 
inspectors to m ike enquiries as to accidents to railway servants, 
and in 1901 two assistant inspecting officers who had had 
railway experience were appointed. The latter enquire into the 
more serious accidents to the men. 

During the year 1902 these four gentlerren held 560 enquiries, 
and in 1903 there were 607 enquiries. 

The results of these enquiries and the recommendations of 
the officers are given in the blue books on railway accidents. 

In the general reports for 1902 and 1904 these 560 and 607 
enquiries arc summarised as follows : — 



1902. 
114 



1903. 
140 



248 



155 



44 



19 



Misadventure or accidental ... 

Want of caution or misconduct on the part of the 

injured person 213 

Want of caution or breach of rules, &c., on the 

part of servants other than the person injured 1 1 5 
Defective apparatus or defects in permanent way, 

works, &c ... ... 40 

Want of appliances or safeguards or insufficient 

staff 19 

Unsatisfactory system of working 51 

Non-observance of rules under the Railway Em- 
ployment (Prevention of Accidents) Act, 1900 i i 

Doubtful causes 7 — 

Whilst the number of railway servants killed and injured on 
British railways did not increase and it made an excellent com- 
parison with the conditions in America, yet it was felt that 
greater safety could be obtained for them by the adoption of 
certain improved methods of working. 

Asa result the Railway Employment (Prevention of Accidents) 
Act of X900 was passed, and in accordance therewith the Board 
of Trade introduced certain rule5. After much discussion the 
following were approved on August 8th, 1902 i-y^-^ _ _ _\ 
I. When it is necessary in the ordinary course of busmes^ 
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that any label or direction as to destination or consignee shall 
be placed upon any wagon, the company on whose line of 
railway such wagon is about to be used shall see that such label 
or direction is placed on both sides of such wagon. No railway 
company shall receive from any person for conveyance on its 
railway any wagon not labelled in accordance with this rule. 

This rule shall not apply to mineral traffic in train loads for 
journeys not involving marshalling during or on the completion 
of the journey. 

2. After the expiration of twelve months from the coming mto 
operation of these rules, the movement of vehicles by means of 
a prop or pole, being the operation commonly known as 
** propping," shall not take place, except in cases where no other 
reasonably practicable means can be provided for dealing with the 
traffic 

After the expiration of the same period, tow roping, that is to 
say, the effecting the movement of vehicles on a railway by means 
of towing with a rope or chain attached to a locomotive, or a 
vehicle moving on an adjacent line, shall not be allowed except in 
cases where no other reasonably practical means can be provided 
for dealing with the traffic. 

The North Wales Narrow Gauge Railway Company is ex- 
empted from the operation of this rule, so far as relates to tow- 
roping. 

3. All engines and tenders mu^-t, within two years from the 
coming into operation of these rules, be fitted with sufficient 
power brakes in addition to hand brakes. 

Engines used exclusively for shunting purposes shall be 
exempted from the operation of this rule, provided that they are 
fitted with sufficiently powerful hand brakes. 

4. All stations or sidings where shunting operations are 
frequently carried on after dark must be sufficiently lighted. 

5. Where point rods and signal wires are in such position as 
to be a source of danger to persons employed on a railway whilst 
in the execution of their duty, such point rods and signal wires 
must, within two years from the coming into operation of these 
rules, be sufficiently covered or otherwise guarded. 

Within the same period ground levers working points must be 
so placed that men when working them are clear of adjacent lines, 
an! shall be placed in a position parallel to the adjacent lines, or 
in such other position and be of such form as to cause as little 
obstruction as possible to persons employed on the railway whilst 
in the execution of their duty. 

6. All boiler gauge glasses on locomotive engines or on 
stationary steam b )iltrrs used in the working of railways must, 
within three years from the coming into operation of these rules, 
be protected by a covering or guard, sufficient to guard against 
accident to persons employed on the railway through the gauge 
glasses breaking. 

7. All tool boxes used for the purpose of storing tools and 
other things necessary in the working of locomotives when 
running must, within two years from the coming in*o operation of 
these rules, be so arranged that the contents may be obtained by 
the men while the engine is in motion without undue risk of 
injury. 

Water gauges or other devices must, within three years from 
the coming into operation of these rules, be provided on locomo- 
tive engines or tenders to indicate the amount of water in the 
tanks, and such gauges and similar devices shall be placed in such 
a position as to be visible and accessible to the men without their 
incurring undue risk of injury. 

8. After the coming into operation of these rules, all trains 
working upon running lines beyond the limits of stations shall be 
provided with brake vans or other suitable vehicles for the use of 
men in charge of such trains, which shall be so attached as to be 
conveniently used by them and also with due regard to safety in 
working the trains. 

The Festiniog Railway Company is exempted from the opera* 
tion of this rule. 

9. With the object of protecting men working singly or in 
gangs on or near lines of railway in use for traffic for the purpose 
of relaying or repairing the permanent way of such lines, the rail- 
way companies shall, after the coming into operation of these 
rules, in all cases where any danger is likely to arise, provide 



persons or apparatus for the purpose of maintaining a good look- 
out or for giving warning against any train or engine approach- 
ing such men so working, and the persons employed for such 
purpose shall be expressly instructed to act for such purpose, 
and shall be provi led with all appliances necessary to give efiect 
to such look-out. 

10. In such cases where it is shown to the Board of Trade 
that for any sufficient cause the time within which any of the 
above rules and regulations have to be carried into effect should 
be extended, the Board of Trade may from time to time grant 
such extension upon such terms and conditions as they may 
think fit. 

These rules shall commence and come into operation on the 
8th day of August, 1902, and may be cited as the Prevention of 
Accidents Rules, 1902. 

Financial Returns. 

The last relation of railways to the Board of Trade to be 
noticed is the preparation of the annual statistics referred to in 
the Act of 187 1. 

It requires details of the authorised and paid up capital ; 
amount raised by loans and debentures and the interest paid on 
each ; the subscriptions to other companies ; the mileage open 
(showing double and single road); number of passengers con- 
veyed (each class) ; number of season ticket holders ; tonnage of 
goods and mineral traffic and the mileage run by passenger and 
goods and mineral trains. 

The receipts from passengers (each class and season tickets) ; 
from excess luggage, parcels, carriages, horses, dogs, &c. ; from 
mails ; from merchandise, live stock and minerals ; also from 
rents, tolls, navigation, steam boats, &c. 

Details are then to be given of the expenditure divided into 
maintenance and renewal of permanent way ; locomotive power 
(including stationary engines) ; repairs and renewals of carriages 
and wagons ; traffic charges (coaching and merchandise) ; general 
charges ; rates and taxes ; Government duty ; compensation for 
personal injury; compensation for damage and loss of goods; 
legal and Parliamentary expenses ; steamboat, canal and harbour 
expenses and miscellaneous. 

The return to conclude with particulars of the rolling stock — 
locomotives, carriages used for the conveyance of passengers only, 
other vehicles attached to passenger trains, wagons of all kinds, 
other vehicles not included in the foregoing. 



Recent Patents relating to Railways. 

These abridgements of recently published specifications are 
specially compiled for this Review by Messrs. Wheatley and 
Mackenzie, Chartered Patent Agents, 40, Chancery Lane, W.C., 
from whom copies of the specifications can be obtaine 1 at an 
uniform price of Sd. each. 

Electrical Block Signalling. ip.Spo, isth Scptembir, 
1^04. The British Thomson- Houston Co,, Ltd,, 83, Cannon 
Street, London, 

Three blocks are represented at A, A^ A*^ It will be seen 
that only one of the rails is divided into blocks, the other rail 
being continuous throughout all the blocks so as to serve as 
a return conductor for the power current. A Hne-wire a is 
connected to a source of alternating current and connected to the 
continuous rail through the primaries of the transformer E, E^ 
With this arrangement the continuous rail acts as return 1 onduc- 
tor for the alternating current also, but a separate return conduc- 
tor may be employed if preferred. S and S^ represent two sema- 
phore posts at the entrance to blocks A and A* respectively. 
Each post carries a home signal H and a distant signal D, the 
signals for the block A being the home signal H on semaphore 
post S, and the distant signal D' on semaphore post S^ Thus, 
when a car is in block A, ^j(5j|f|»g^f)4^^|^^0^fnd D^ 
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should be at danger, as shown ; while signal H* is at safety posi- 
tion, since no car is in block A^ The secondaries of trans- 
formers E and E^ are connected to the blocks A^ and A^^ through 
reversing switches K and K*. By means of these switches the 
phase of the currents in the rail circuits relative to the current in 
line-wire a may be reversed. To the other ends of the blocks are 
connected one winding of the relays J J^, which are shown as of 
the wattmeter type with their movable windings connected to the 
block circuits. The other, or stationary, windings of the relays 
are connected directly between the line wire a and the return 
rail. The movable member of the relay carries a contact mem- 
ber I, which controls the two circuits of the two magnet coils / 
andy, which when contact member I is moved towards the left 
are both energised from the battery B, or other suitable source, 
while when the contact member I is moved towards the right 
only the winding / is energised. When member I is in the posi- 
tion shown the circuits of both magnet windings are open. This 
is the position which the contact member assumes either by 
gravity or a spring when the relay is de energised. The magnet 
windings / andy control the rods h and d^ respectively, which are 
the operating rods for the home signal H and distant signal D, 
respectively. The connections between these rods and the 
signals are omitted. The rod h also controls the phase-changing 
or reversing switch K. The phase-changing switch K controls the 
phase of the current in the block A\ relative to the phase of the 
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current in line- wire k, as will be reaoily seen from tracing out the 
circuits of this switch. In other words the switch K controls the 
relative phases of the currents in the two members of the relay 
J^ The operation is then as follows : with a car C in the block 
A ihe armature of relay J is short-ciicuited, the relay is con- 
tequenily de-energised and assumes the position shown, thereby 
oper)ing the circuits of both magnet windings / and j. Both 
signals H and D go to danger by gravity, indicating the presence 
of the car in the block. As signal H goes to danger rod A is 
moved downward to move switch K to the position shown. The 
relay J* has its movable winding energised with current in a 
direction, relative to that in line-wire a, determined by the posi- 
tion of switch K. The direction of current is suqh as to move 
contact member V to the right, thereby closing the circuit of 
magnet coil /^, while leaving the circuit of magnet coiiy^ open. 
Home signal H* is consequently drawn to safety position by 
magnet winding /\ while the distant signal D^ remains at danger. 
Whtn car C leaves block A and enters the following block, relay 
J will be energised in the same manner as relay J\ thereby 
closing the circuit of the magnet winding 1 and di awing home 
signal H to safety. This will remove the reversing switch K to 
its upper position, and leverse the direction of current through 
the block A\ relative to the direction of current in line-wire a, 
thereby reversing the direction of torque in relay J^ Contact 
member V will be moved towaid the left, closing the circuits of 
both windings /^ andy*^, and signals H* and 1* will consequently 
be drawn to safety, indicating that both blocks A and A* are 
clear. {Accepted yth September^ ^Q^S-) 

Tipping Wagon. 2j,iji^, 2jih October. 1^04, IV. H, 
McAlpme^ of the fif tn of KoOert McAlptne d?* Sous^ 188^ St. 
Vif.cetu St/eet, and Z>. Z. Smith , 2^4^ West lYifices Street^ 
Glasgow. 
Ihe ^ agon body is divided longitudinally into two parts, A A* 



forming separate receptacles, which are pivoted, and actuated 
from beneath by piston rods BB', operated by fluid pressure. 
The sides CC* of the receptacles are pivoted from a', and 
assume a perpendicular position when the receptacles are beirg 




""^il^ firyMHT 2S^9^ 

tipped. The inner sides of the receptacles are supported on a 
longitudinal beam E, carried by cross beams D at each end of 
the wagon. (Accepted jist August, iposJ 

Dust Extractor for Cleaning Carriage Cushions, &c, 
22.066. 13th October, igo4, T, W. Ford, Palace Chavibers, p, 
Bridge Street, Westmifister, 

This apparatus is adapted to be connected to the vacuum brake 
pipe of a train, and consists of a portable vessel a containing a 




^Wy£>9niQsr 2ean^« 



dust-collecting sack or screen e, and a hose pipe s provided with 
a nozzle /, which is moved by hand over the surface of the 
cushion or carpet to be cleaned. (Accepted jist August, f^j.J 

Rail Fasteners. 2^,085* tSth November, JQ04, E. A\ 
Caltlirop, J, Crosby Square, LoudotL 

For securing rails to metallic sleepers, beds, or plate , a clip is pro- 
vided, formed of a htad having an outstanding edge 3 or 10, 




iirranged to engage the rail, and an int» gral shank 4 adapted to be 
passed through an aperture in the .sleeper and rivelted on the 
under-side. A wedge 1 1 is driven in between the c^ip and rail 
flange. {Accepted 14th Septemler, [^p^^^ by ^ O O^ IC 
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Magnetic Brakes. 2j,SSj. 4th November, 1^04. R, 
Brnuu^ Westitighoitse IVorks, Trafford Park^ Manchester, 
In brake shoes which form the poles of an electro magnet, the 
amount of the magnetic flux, and consequently the drag on the 
shoes, depends, among other things, upon the magnetic reluctance 
of the portion of the rail or wheel to which the shoe is applied. 
This invention provides an arrangement in which the reluctance 
of the magnetic circuit is very materially decreased, and ihis is 
attained by causing the magnetic flux to pass through the rail or 




wheel not lengthwise as hitherto but across, whereby the effective 
area for the passage of the magnetic flux is increased whilst at 
the same time the length of the path is diminished. With this 
object in view shoes are provided for the electro-magnet, which 
extend side by side along the length of the rail or wheel whereby 
the magnetic flux is caused to pass in direction from side to side 
of the rail or wheel and is rendered more powerful than is 
obtainable at present with the expenditure of a given amount of 
energy . ( Accepted jist August ^ ^905^ ) 

Axle Boxes. 24,212. gth November, 1904, H. £, Lord, 
Brcokfield Villa, 32 §, Birch Lane, Dukinfield, Chester, 
A flanged collar or sleeve d is fixed on the axle by hydraulic 
pressure, or shrinking, the sleeve and its flanses fitting against the 
lining e of the top bearing /. The outside diameter of the 



collar ^is larger than that of the main axle in front of the wheel 
boss for the purpose of lubricating from an oil level which is 
lower than the hole in the back of the axle box. {Accepted yth 
September, igo^,) 

Railway Carriages and Tramcars. 20.270, 20th 
Sep timber y 1^04, The Afetropolitan Amalgamated Raihvay Car- 
riage and Wa^on Co,, Ltd,, Oldbury, Worcester, and A, E, Morgan, 
J 1 2, Broadwell Road, Oidbury, 

This invention has reference more particularly to electrically 
propelled vehicles built of steel sheets or plates rivetted to a 
steel framework, and its object i? to construct such articles so that 



they shall have practically the same appearance as if their bodies 
were built of wood in the usual way, and shall not be liable to 
excessive jar when in motion. According to one part of this 
invent i» n, figs, i to 5, the rows of the heads of the rivets i, 2, 
which secure the steel sheets or plates 3, 4, of the carriage or car 
body, to the bar 5 forming part of the framework, are hidden by 
a specially shaped rolled steel moulding bar 6 fixed over them as 
by screws 7 which pass through countersunk holes in the mould- 
ing bar and into the frame bar 5. The moulding bar 6 is by 
preference rolled to a flat shape in cross section with two longi- 
tudinal grooves 8, 9, on one side, of the proper size and distance 
apart to clear and enclose the two rows of rivet heads in the 
joint. On the other side of the bar the two corners 10, 11, are 
rounded off" so that this bar may be fitted over the two rows of 
rivets and secured to the frame by saitable screws from the out- 
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side. Where these moulding birs such as 6 meet at the corners 
of the panels or other parts they are mitred or otherwise fitted 
together so that when the carriage is painted and finished thtse 
mouldings have the same general appearance as the ordinary 
mouldings on the outside of the b^dy of an ordinary railway 
carriage or tramcar. When only one row of rivets has to be 
covered by a moulding bar ihen the moulding bar is made with 
only one central groove 1 2 as shown by fig. 3 or when the mould- 
ing bar is required to cover three rows of rivets side by side then 
the moulding bar is made with three grooves 13, 14, 15, as 
in fig. 4. The lower edges of the sheets forming the outside 
panels are bent and fit against the underside of the flanges of the 
sole bars to which they are rivetted as-shom jn^Tw/d^^Tjipdoors, 
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figs. 7 to 12, are each formed of two sheet metal stampings con- 
stituting the two sides of the door and made with raised flanged 
openings for the panels, a fireproof substance being fitted in the 
hollow spaces, between the stampings. The side walls of the 
vehicle and the roof are formed of sheet steel framing with sheet 
metal panels and a filling of asbestos. A covering or coating of 
non-inflammable cement is laid on the floor in a plastic or semi- 
fluid state and allowed to set. {^Accepted 14th September^ ^poj.) 

Wagons. 4ij6o. 2nd March^ J905* A, Spencer^ 77, 
Camion Street, London, 

The object of this invention is to provide a wagon or truck that 
shall be readily adapted for carrying either cattle or goods. For 
this purpose a wagon is provided near its bottom or floor with 
combined inspection and ventilation passages, each of which is 
furnished with a movable cover adapted to close the outer end of 
the passage in a water-tight manner. The passage, however, is 





A FI6.4: 
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Ktiilmy Engineer ^5*^ 

always in free communication with the atmosphere, so that by 
placing the covers in their open positions the interior of the lower 
part of the wagon can be easily seen, the wagon or truck being 
then suitable for conveying cattle, whilst by moving the cover into 
its closed position the w;igon or truck is suitable for carrying 
goods without danger of their being damaged by rain, sleet, hail 
or snow. (Accepted yth September, iQO^,) 

Couplings (Automatic). 2^g46, 13th February, igos. 
E, /. Hill, II, Victoria Street, and /. F. Robinson, //, 
Victoria Street, Westminster, 

This invention relates to automatic couplings of the central- 
buffer type, and its object is to enable coupling to be effected 
t)*hen the vehicle s to be coupled are on rails of sharp curvature. 
The draw-head is pivoted to the draw-bar so as to he capable of 
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being turned through the horizontal angle necessary for causing 
the draw-heads of adjacent cars to be presented to one another 
in their required mutual relation so that, whatever the radms of 
curvature of the mils, the mutually opposed draw-heads will be 
capable of being brought into alignment notwithstanding that 



their respective draw-bars lie at a considerable angle to one 
another. For the purpose of automatically causing the draw- 
heads to assume this position of alignment there is centered upon 
a pivotal connection between the draw-bar and draw*head a frame 
which extends laterally at each side of the draw-head and which 
projects to approximately the same distance as the latter beyond 
the head-stock of the car so as to form a ** righting buffer '* or 
automatic adjuster for the draw-head. The lateral extension of 
the frame is such that, whatever the curvature of the rails and the 
consequent angle between the draw-bars of adjacent cars, that 
portion of the one adjuster that is nearest the centre of the curve 
must, when the cars are brought togerher, encounter the corres- 
ponding portion of the opposed adjuster of the adjacent car, and 
consequently, when the cars are buffed up, the adjusters will turn 
about their pivotal connection with the respective draw-bars until 
the adjusters contact with one another across their whole width 
whi'st the draw-heads, moving as one with the adjusters, will be 
brought into alignment with one another, whereupon the coupling 
will be automatically effected as usual. (Accepted 14th September, 

Locomotive Engines. ig,22g. 6th September^ IQ04. 
H, Lentz, 10, Potsdamerstrasse, Berlin ^ Germany, and C, Bellens^ 
64, Rue de St, Petersbourg, Paris. 

This invention relates to the application of cylindrical valve dis- 
tributing gear to locomotives for the purpose of efficiently utilising 
superheated steam. In converting an engine with slide valve 
distribution the ordinary cylinder is replaced by a cylinder /i with 
cylindrical valve distribution, and the distributing valves are 
actuated by the slide b of the eccentric rod, which slide is main- 
tained in its original position and converted into a distributing 
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valve gear rod. To this end the rod is provided wiih flexible 
joints c, arranged in such a manner that the external parts of the 
distributing mechanism may be maintained intact, or nearly so. 
In order to avoid the irregular expansion of the cylinder walls 
there is arranged upon the cylinder a or compound cylinder i j a 
valve chest d. The part which receives the live steam is isolated 
from the cylinder walls by chambers/. The cylinder walls are 
also cartfully isolated from all conduits or pipes through which 
the steam circulates, particularly the supply pipe g and exhaust 
pipe h, (Accepted 6th September, rgoj,) 

SPECIFICATIONS PUBLISHED. 
' 1 1904. 

19229. Steam distribution for locomotives. Lent« and Bellens. 
19651. Electric railways and tmmways. Cla'W. ^ ^ 

19838. Means by which the points of an dectr ic jrailMV ca^car line m^y> 
be operated by an approaching car. Miller. Jltized by VUX^ ^ 
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1989a Electric system of railway signalling. 
Co.f Ltd. (General Electric Co.) 

^ 20270. Construction of railway carriaf^es and tramway cars. Metro- 
politan Railway Carriage and Wagon Co., Ltd. » and Morgan. 
21 144. Electric lighting of trains. Leitner and Lucas. 
21973- Automatic vacuum brakes. Churchward. 
22066. Dust extracting apparatus for cleaning railway carriage cushions, 
cupels and the like. Ford. 

23015. Devices for automatically operating the points and switches of 
•lectric and other tramways and the like from the vehicles. Jones and Jones. 
23093. Contact briers for overhead systems of electric traction. 
Milchel. 

Railway switches. Saxton and Summerson. 
Tipping wagons. McAlphine and Smith. 
Airangements for operating the junction points of tramway and 
Hacking and Pycroft. 
Life-saving attachments for railway, tram and like cars. Willis 



23101. 

23>39. 

23135- 
like rails. 

23672. 
< Mooring). 

23885. 

242x2. 

25085. 

25192. 

25484. 

25618. 

26358. 



Magnetic brakes for railway and other vehicles. Braun. 

Axles and axles boxes of railway and tramway vehicles. Lord. 

Securing rails to sleepers* Calthrop. 

Pnc umatic brakes for railway vehicles or the like. Cloud. 

Signalling apparatus for railways and the like. Jakobi. 

Steam heating systems for railway trains. Gold. 

Pcfinaneni way for railways, tramways and the like. Schlussel. 

1935. 
484. Axle lK)xes of locomMives. Zara. 

791. Crank shaft for locomotive engines and other purposes. Ivatt. 
1 137 Road ami railway carriage windows. Sancto. 
1512. Railway carriage aad other windows. Nicholson. 
1657. Single rail and like railways. Joly and Millar. 
1750. Automaiic couplers for railway wagons and the like. Harvey 
and Harvey. 

2681. Explosive signalling apparatus for railways. Gurr. 

Automatic piints for tramways or railways. Edgar Allen and 

Bland and Robinson. 

Permanent way of tramways. Eccles. 

Gondii ruction of double-decked tram car and other similar 
De Macedo. 

Autimiatic railway couplings. Hill and Robinson 

Steps 01 railway and tramway carriages and other like vehicles. 



2765. 
Co., Ltd. 

2839. 

2882. 
Tchicles. 

2946. 

3523. 
Robmson. 

4360. 

4529. 

6658. 

6670. 

7141. 

7797. 

10769. 

12788. 

12944. 



Lydall. 



Wag'^ins or trucks. Spencer. 

Control of the electric motors on electric railway cars. 
Manufacture of railway and tramway rails. Sandberg. 
Air brnke mechanism. Dillander. 
Wtri^'hing apparatus for railway vehicles. Zeidler. 
Joints for railway rails. Fetter Czaykowski and Wiesjan. 
Railway signalling systems. Saurman. 
Railway ciossing g.ites. Craig. 

Means for controlling the movements of vehicles on railways 
and the like. Kinsnran. 

13761. Rail joints. Wtlsh. 

15752. Self-r-leastns brake handles for electric tramcars and other 
vehicles. Belmontlo. 

16978. Tramway guard arrangemenL Sperber. 



Warming Cars for Perishable Goods. 

Traffic in perishable freight, consisring largely of fresh fruit 
And vegetables, has increased greatly during the winter months 
within the last few years, and with it the liability of damage by 
freezing. To prevent this, unless some means of heating cars is 
provided, railways are put to^reat expense and inconvenience in 
housing carloads of perishable freight during extremely cold 
weather. Large numbers of refrigerator cars are available during 
the winter for this class of traffic, if some means of heating which 
is not too complicate I, cumbersome or expensive can be 
provided. 

The Gold Car Heating and Lighting Company for several 
years have been experimenting with a storage heating system for 
use in exactly this kind of service. The Chicago Burlington and 
Quincy R., being greatly interested in the development of a satis- 
factory storage heating system, have, under the direct supervision 
of Mr. T. H. Garland, superintendent of refrigeration, carried out 
several tests of this apparatus, which now consists essentially of a 
small iron drum within which are placed cylindrical terra cotta 
blocks. These blocks are made in several sections and are pro 
vided with corrugations upon the outer surface to allow steam and 
hot water to pass from end to end of the drum, which is supported 
upon iron stands and inclined slightly as shown. Each cylinder 



is Sin. diam. by 6ft. long, and the method now followed consists 
in installing two cylinders per car, one in the drip pan beneath 
the ice box at each end. The drain trap for relieving the system 
of surplus condensation is placed in the pipe line beneath the car 
at the centre. At the higher end of each drum is placed an 
automatic valce which allows the air to escape. The bricks 
absorb the heat from the water of condensation, thereby storing 
heat at the same time that the car is being heated by direct radia- 
tion from the steam. 

A large number of service tests have been made, and as an 
average it may be stated that it is the practice to warm up the 
cars while they are loading to about 50% and after the doors are 
closed the temperature is raised to above 60°, the maximum 
temperature being placed at 6g°. At some of the freight houses 
on the road steam connections are provided for this purpose, and 
at other places switching engines have steam heating fittings and 
are attached to the cars for this purpose. The time for heating 
a cold car is stated to be about two hours, and when they are in 
motion in the train after being cut off from the steam supply the 
temperature drops about 2"* per hour until it reaches 40% after 
which the loss is about 1° per hour. If the doors be open fre- 
quently it is difficult to maintain the desired temperature, and to 








Gold Heating & Lighting Company's Heating Apparatus for Refrigerator Cars. 

reduce the necessity for opening the door for the purpose of 
reading the thermometer the Gold Car Heating and Lighting Co. 
have designed a special thermometer, the face of which is enclosed 
in a wooden case set flush and open upon the outside of the car, 
while the tube is bent so that the encased mercury bulb projects 
inside the car. When the cars are in transit in extremely cold 
weather it is advisable to supply a little steam occasionally, and 
connection therefor is made with the locomotive. If the cars are 
warm when they reach a station only 30 to 40 minutes are required 
to heat them to the maximum temperature required when they 
are to stand cut off from the heat supply for a considerable time. 
The C. Burlington and Q.R., after two years* experience with 
25 cars equipped with this heater, are having it applied to 
1 00 new cars now under construction at the Chicago shops of the 
American Car and Foundry Company. The experience during 
the two years has shown that in zero weather the heater will 
maintain a proper temperature for about 24 hours after being 
detached from the supply with the car sUnding. Considering the 
great number of refrigerator cars owned by the railroads it is 
apparent that the opportunity for obtaining additional service in 
the perishable freight traffic during the winter months is very great, 
especially as this business seems to be rapidly increasing ; but in 
order to deliver this freight in good condition it is necessary to 
heat the cars in some way as above indicated.— 7%^ uffa/Ztt'oy Agt 
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Official Reports on Recent Accidents. 

At Hall Road Station, L. & Y.R. On 27th July. 
Lt'Coi. E. Druitt, R.E., reports that-,— 

The 6.30 p.m. express train from Liverpool to Southport 
ran into an empty passenger train standing in the middle 
siding at Hall Road Station. 

Both trains were fitted for electric traction, and each con- 
sisted of a 3rd motor car at each end with two ist and one 3rd 
class trailers between them, all fitted with Westinghouse auto- 
couplers. The motor cars seat 69, the ist class cars 66, and 
the 3rd class cars 80 passengers — a total of 350 for each train. 
One motorman and one guard accompany each express train. 
There were about 56 third-class and 20 first-class passengers 
in the express. 20 passengers were killed, and two* besides 
the motorman severely injured (all in the leading car); 45 other 
passengers complained of injuries. 

The leading car of the express and the first car of the 
standing train were telescoped one inside the other. The two 
bogies of the first standing car were driven back underneath 
the second standing car, so that there were four bogies under 
this car. The only wheels derailed were the leading pair of 
the front bogie of the express. The standing train was driven 
back a distance of about 50 yards. 

The weight of the motor cars is about 46 tons each, and 
of the trailer cars 26 tons each, so that the total weight of 
each train empty was 170 tons. The length of each train 
over buffers is 310ft. 2ins. Both trains were fitted with the 
automatic vacuum brake, working blocks all wheels, and the 



The facing-points for the middle siding and for the down 
siding are fitted with mechanical detectors, and in addition 
there is an electric lock on the lever working this signal, and 
which can only be released when both switch blocks of each 
of the above facing-points are in the most accurate adjustment, 
and an electric current can pass between each of the blades of 
both points and so back to the lock on the lever. 

There is the mechanical locking of the levers, by .which it 
is impossible to lower the inner home signal for the main line 
when the road is set for either of the sidings. 

Neither of the down distant signals can be pulled off 
unless all the down main line signals in advance relating to 
this signal-box are first pulled off. 

Supply of Electrical Current. — The three-phase alter- 
nating current at 7,500 volts is transmitted to sub-stations, 
where it is stepped down by static transformers, and ultimately 
turned into direct current through rotary converters at 650 
volts pressure, the maximum voltage on the trains being 
about 600. 

The power house is situated at Formby, and the four sub- 
stations are at Sandhills, Seaforth, Formby, and Birkdale. 
The line is subdivided at these sub-stations, and in case of a 
heavy short circuit current is automatically cut off the live 
rail by circuit breakers at one or other of these sub-stations. 
The line is also divided at various other points between these 
sub-stations by section cut-out boxes, which contain switches 
to be operated by hand when the line is dead ; these are put in 
to facilitate such conditions as single line working, so that 



Ourtm mitramr 




' Vvw* 



KnihuyEnfimtr a/t.ees 



brakes on the express were stated to be in good order. 

The site of the accident is shown on the diagram. In the 
middle siding the points of the connection leading to the up 
line are 78 yards beyond the facing-points in the down line 
leading into it, and the first car of the standing train was 6 
yards beyond the outlet signals, which are 4 yards beyond 
the points, which makes a total of 88 yards from the facing- 
points of the middle siding and 115 yards from the inner home 
signals to the standing train. 

The inner home signal, situated 2 yards before reaching 
the facing-points of the down sidings and 27 yards before 
reaching the facing-points of the middle siding, consists of 
three arms, the centre a full-sized arm and higher than the 
others for the main line, and smaller arms on shorter posts to 
the right and left of the main signal refer to the middle and 
down sidings respectively. 

The outer home signal is visible for a very long distance; 
there is a perfect view of the inner home signals for 270 yards 
before reaching them, but before that the view is partially 
interrupted by the latticework sides of the foot overbridge at 
the south end of the station for 250 yards, but they are clearly 
visible beyond that again for a distance of 10 yards. 

There is a clear view of the starting signal as soon as the 
station is reached. 

The gradient falls slightly towards Hall Road, but at the 
station is practically level. 

*One since dead. — Ed. /^, E, 



ts f-o Down S/difiy f73yds from Si^naf box 
. M.ddi€ . 700 . . 

current can be kept on, say, the **up'* road while the **down'* 
line might be cut out for repairs, etc. At Hall Road current 
is fed from Formby and Seaforth sub-stations only. From 
the sub-stations the current is supplied to the trains by means 
of an insulated third rail, which is situated generally in the 
6ft. way, the centre line of this rail being exactly 3ft. i i^ins. 
from the centre line of the track, and the top of the rail being 
3ins. above the surface of the running track rails. The cur- 
rent is returned from the trains through the track rails into a 
partially insulated fourth rail, to which the track rails indi- 
vidually are cross-bonded. The trains consist of 3, 4, or 5 
coaches, all 60ft. in length and loft. in width; the end vehicles 
are third-class motors. P-ach motor car has two motor 
bogies, each motor bogie carrying two i5oh.-p. motors. The 
current is collected from the third rail by a cast steel slipper 
attached to a beam on each side of the motor bogies. The 
train control equipment may be termed the direct multiple 
control system in distinction to the multiple unit. The motor- 
man operates the controller in the motor compartment at the 
front end of the train, which supplies current to the whole 
of the eight motors on a train, the different notches in this 
controller regulating the amount of current supplied to the 
motors, similar to an ordinary tramway controller. In this 
compartment there are also two circuit breakers, one through 
which the current for the front motor car passes, and one 
through which the current for the rear motor car passes. In^ 
case of an exceptional amount of current being taken by the^ 
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motors, or through any short circuit occurring on the train 
apparatus, one or both of these circuit breakers would auto- 
matically come out and cut off the supply; the motorman also 
is able to trip these circuit breakers, if desired, and automati- 
cally cut off the current without actuating his controller. 

1 he following rules apply : — 

73. (a) U'hen a home, starting, or advanced starting signal, or siding 
signal applicable to a siding not protected by safely points, becomes 
defective, or is not working eflficienlly, a competent person must be 
placed at such signal with hand signals and detonators, and act under 
the instructions of the signalman. The distant signals applicable to the 
lines affected must be kept at danger by being disconnecetd from the 
levers by which they are worked, and must remain in that position until 
the defect has been' made good, and all is again in working order. If 
the defective signal can be placed at danger, it must be kept at danger 
until again in working order. 

(c) The hand-signalman must ascertain from the signalman in charge 
of the signal'box what train he is to bring forward, and, if the train 
which is to be brought forward is approaching facing points, he must, 
before signalling it forward, inform the signalman in charge of the 
signal-box the position of such points, and satisfy himself that they are 
set and secured in position for the line on which the signalman in the 
signal-box intends the train should run. 

The authorised hand signal is as follows, viz. : — 
I J. To give an all right signal to engine-driver when fixed signal is 
disconnected or out of order — Rule 73. Green light or flag held steadily 
by hand-signalman at the signal. 

The causes of this most unfortunate collision arc clearly 
shown by the evidence of signalman Bootc (Hall Road signal- 
box) and motorman Rimmer, the driver of the express train. 

The statements of the two men as regards the position of 
the signals are contradictory, but that of Boote is evidently 
correct, while as to Rimmer's it must be remembered that he 
received a severe injury to his head and was insensible for five 
days after the collision occurred, and thus his recollection of 
the position of signals seen only a few seconds before the col- 
lision is probably imperfect. 

There is a 10 minutes ser\'ice of trains from Liverpool to 
Hall Road and a 20 minutes service beyond Hall Road to 
Southport. Thus, approximately, half the trains arriving at 
Hall Road are turnback trains, and these, as soon as the 
station work is completed, are run direct through facing- 
points either into the middle siding or into the down siding. 
From these sidings the empty trains can be brought out 
direct to the up platform ready for the return journey to 
Liverpcol. 

The train leaving Liverpool at 6.20 p.m. arrived at Hall 
Road at 6.39 p.m. and was sent into the middle siding at 6.40 
p.m. 

Boote was offered and accepted the 6.30 p.m. express 
train Liverpool to Southport from the Crosby signal-box at 
6.41 p.m. 

When he had put the 6.20 p.m. into the middle siding he 
reversed the facing points leading to it, so that they were in 
the normal position, i.e., right for the main down line, and 
bolted them. As soon as he accepted the 6.30 p.m. express 
he lowered his outer home signal, which requires the bolt 
locks of both the facing points to be home, and also the start- 
ing signal, but when he tried to lower his inner home signal 
he was unable to do so. 

Thinking the switch blades of the facing points leading to 
the middle siding were perhaps not absolutely in their true 
position, and that in consequence the inner home signal was 
being held at danger by the electrical detector, he placed his 
starting signal and outer home signal to danger, put back the 
levers working the locks and locking bars of both facing 
points and worked the facing points leading to the middle 

♦ These facing points being at the full limit of 200 yards, from the 
signal-box would re<juire a very smart movement of the lever working 
them to get them truly home and so to make the electrical connection 
for the detector to work, owing to the friction of the long length of 
fodding on the rollers of the supports. 



siding, three times more vigorously, intending to force the 
blades into their accurately true position.* 

Boote finished up by pulling over the lever working these 
points, by which means they were set for the siding instead 
of for the main line. He then pulled over the levers working 
the locks and locking bars of both the facing points, and 
lowered his outer home and starting signals. Finding he 
still could not lower the inner home signal he went to the 
window of the signal-box with a green flag and waved it to 
Rimmer, the driver of the express, intending thereby to sig- 
nal the train past the inner signal at danger, which was 173 
yards in advance of the signal-box. 

Rimmer accepted this unauthorised signal. He was at 
the time running slowly as he was approaching the outer 
home signal at danger, but turning on the full current he 
rapidly accelerated the speed of the train and was running 
from 40 to 50 miles an hour before he saw, when too late, 
that the facing points lay for the siding and not for the main 
line. From the points to the standing train was a distance 
of 88 yards, and, judging by the terrible result of the col- 
lision, speed could not have been appreciably diminished 
before it occurred. 

Rimmer*s statement is to the effect that the signals ap- 
proaching Hall Road were in the following positions, viz., 
outer distant at danger, inner distant lowered to safety posi- 
tion when he was approaching it, outer home at danger; 
accordingly he was preparing to stop at it, and had slowed 
down to about 15 miles an hour, when he saw Boote lean out 
of the signal-box and wave a green flag, which he understood 
was to bring him past the outer home signal, which he states 
was at danger. Rimmer also declares that Boote shouted 
out ** Right away** as he was passing the signal-box, and so 
he turned on the full current and rapidly gained speed. Rim- 
mer also declares that the inner home signal was lowered to 
the safety position all the time he saw it until a few yards 
away from it, that then it was thrown to danger in his face, 
that just then he noticed the facing points were set to lead 
to the middle siding, and that he cut off the current by moving 
the controller handle round to the **off*' position and applied 
the vacuum brakes hard on, and that they took effect just 
before the collision occurred. 

It is impossible for the inner distant signal to be pulled 
off into the all right position unless the three signals ahead 
of it, viz., the outer and inner home signals and the starting 
signal, are also in the all right position, and the inner home 
signal could not be lowered as that was the cause of Boote 's 
mistake. If for inner distant we substitute outer home, and 
for outer home inner home, then his statement agrees with 
Boote *s, but in any event he either did not notice the inner 
home signal at danger, or else took Boote's signal and so 
ran past it at full speed without any authorised permission 
to do so. 

I also doubt very much if Rimmer cut off the current as 
he states, as the handle of the controller was found in the full 
**on** position. It is locked by a catch in each of its six or 
seven positions, and could not be turned a full circle by a 
succession of blows without being broken. What Rimmer 
probably did was to put on the vacuum brake as hard as 
possible when he found his train had entered the middle 
siding, and this has the effect of causing the circuit breakers 
to come out, and the sharp cracks caused by this were heard 
by Brereton, the motorman of the train ^tandi«^^liapdown 
siding. y ^ ^ 
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Also Boote denies that he shouted ** Right away*' as Rim- 
mer passed him. 

Boote no doubt made the initial mistake. He says that 
when the express was approaching the outer home signal and 
he could not get the inner home **oflF,** the thought flashed In 
his mind that he would be fined if he stopped the express. 
He had never been fined himself for this reason, but had 
heard that another signalman had been, but he did not know 
why, beyond that he had stopped an express either through 
irregular working or some other cause. This thought, and 
also because he jumped to the conclusion that it was the 
electric lock on the inner home signal that was preventing it 
from coming **oflr," apparently induced him to neglect the rule 
he knew should be carried out, and so he sent on the express 
without first having a man sent to the signal to give a proper 
hand signal after first seeing that the facing points were in 
the right position. Had he done so the express would have 
been delayed a few minutes, but no collision would have 
occurred. 

Rimmer should have stopped at the signal-box and ascer- 
tained what Boote meant by the green flag. 

Boote says he had no trouble on his mind and no reason 
for making the mistake. When the 10 minutes service of 
trains was first started 18 months ago he says he found the 
work hard but not too much for him. Six months ago 
Boote states the three signalmen at Hall Road sent in a 
written application to the stationmaster for the assistance of 
a booking boy, but the stationmaster states that neither of 
the men ever made any application to him either written or 
verbal, and no mention of any assistance being needed was 
over made to the district inspector, who constantly visits the 
signal-box. The duties are no doubt continuous, but are 
simple and straightforward. The tour of duty is 8 hours 
with 16 hours* interval. The gates have to be worked on an 
average less than once in every hour. These duties are not 
excessive, and, as Boote admits, they had nothing to do in 
any way with his action which caused the collision. He had 
been on duty just 6 hours when the collision occurred. 

Thus the collision was due solely to inadvertence in leaving 
the siding points in the wrong position and then to disregard 
of rules on the part of Boote, and to disregard of rules and 
reckless driving on the part of Rimmer. 

The only lessoA to be learnt from this calamity is the very 
old one, viz., of the necessity at all times of complying exactly 
with all rules and regulations, and that punctuality and fast 
running must always give way to safety requirements. 

This collision naturally attracted much attention owing to 
the great number of deaths resulting from it, and also owing 
to its occurring in a section of the railway worked by electric 
traction. 

It may be desirable, therefore, to refer to some of the 
many points raised in connection with the occurrence in the 
Press and elsewhere. 

1. The alleged greater danger of facing points as com- 
pared with trailing points on a line on which express trains 
run. 

This danger does not exist with the safeguards especially 
introduced, and which have been described above, to prevent 
a signal being lowered to the safety position unless the points 
are first accurately in position for the line to which the signal 
refers. Given the conditions of traffic at Hall Road Station, 
the facing connections are in my opinion the simplest and 
quickest way of getting the turnback trains off the down road 
clear of following trains, and therefore the safest. 

2. Whether the open corridor type of car used on this 
railway fitted for electric traction is more liable to be tele- 
scoped, should a collision occur, than the ordinary pattern 
with separate compartments? 

These open cars have very strong and heavy underframes, 
and the tops are light and independent of the frame, being 
secured to it by a few bolts. 

It may be pointed out that the open corridor carriage is 
:oming into use on many railways where steam locomotives 
are used, and judging by the damage to the cars forming the 
express train behind the first motor car. which was very 



slight indeed, there would appear to be no extra danger with 
this type of car. 

3. With regard to the danger from fire, it may be pointed 
out that on this occasion as soon as the collision occurred a 
short circuit was set up between the live rail and running rail, 
probably through a bar falling across them, and so a very 
large arc was formed at once, and this blew the section cir- 
cuit breakers at the Formby sub-station but not those at the 
Seaforth sub-station, which were much further away from 
Hall Road, but the sub-station attendant at Seaforth records 
a heavy overload at the moment of the collision. This arcing 
caused by the short circuit soon ceased, either from the bar 
being fuzed through or something being moved, and then 
the current fed to the third rail from Seaforth was normal, 
showing that no short circuit existed. When the circuit 
breakers at Formby sub-station blew, the switchman on duty 
there telephoned to Seaforth sub-station and also to Formby 
signal-box to know if anything was wrong, and being in- 
formed all was well there, he, thinking the circuit breakers 
had blown through overload, restored them, and found there 
was a load of 600 amperes (less than the normal load), and 
this shows that there was no longer a short circuit and there- 
fore no arcing taking place. As soon as he had restored the 
circuit breakers the Hall Road stationmaster rang him up to 
cut off the current, which was done at once both at Formby 
and Seaforth sub-stations, and the third rail rendered dead 
for that section of the line. .About 4 minutes had then elapsed 
since the collision had occurred. On subsequent examination 
it was found that there were no signs of fire on any of the 
cars, except a slight charring of the woodwork underneath 
the first car of the standing train, and signs of short circuiting 
between the broken conductors and the ironwork under the 
car, which caused a certain amount of smoke, but there wa« 
no actual fire in any of the carriages, and no one in them 
could have received any electric shock. It may be mentioned 
that iron l^ars are supplied to stationmasters, and are also 
carried on the trains, for setting up a short circuit and thereby 
blowing out the circuit breakers at the sub-stations in case of 
emergency. On the occasion in question the stationmaster 
should have telephoned at once to have the current cut off, 
as he saw the large flame of the arc, instead of first going to 
the scene of the collision. It may be remembered that in a 
bad end-on collision last winter the derailed coaches of an 
express train^ driven by steam, caught fire, and several were 
totally destroyed. So far as can be gathered from the results 
of the first bad collision on a railway worked by electric trac- 
tion in this country, there would appear to be no extra danger 
of fire occurring among derailed coaches than on a railway 
worked by steam. 

4. It may also be mentioned that though there is only one 
motorman on each electric train, the guards are instructed as 
to how to stop a train in case of emergency should the motor- 
man be suddenly incapacitated. On electric express trains 
there is one guard, with instructions as soon as the train 
starts to walk through the train from end to end, count the 
passengers, and then stand behind the motorman for the 
remainder of the journey. On electric stopping trains there 
are two guards, one of whom is always standing behind the 
motorman when the train is running. 

Looking at the facts connected with the collision, the two 
most striking results are, first, the absence of any fire among 
the derailed coaches, the danger from fire being one regarded 
as es|>ecially liable to occur on railways using electric trac- 
tion; and, secondly, the very small amount of damage done 
to the cars, with the exception of the leading one of each 
train, due no doubt to the very heavy and stiff underframes* 

Probably the collision would not have been so severe if 
steam locomotives had been in use, as under the same con- 
ditions the acceleration of the express would not have been 
so rapid; that on the electric trains is stated to be such that a 
speed of 30 miles an hour can be obtained from rest in a period 
of 30 seconds, but this, and the quick slopping due to the ver>' 
powerful brakes in use, form the great advantages of electric 
traction for a fast and frequent passenger service of trains, ^ 
and no danger need result therefrom if the ordinary rules for 
working- trains are adhered to. 
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